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WILLIAM CARL 


rk. William Carl Van Deventer was 
D elected twenty-third president of the 
National Association for Research in Sci- 
ence Teaching at the twenty-eighth annual 
meeting held at Teachers College, Colum- 
bia University, April 20, 1955. 
preside at the Chicago meeting on April 
21-23, 1956. 
E. Anderson of the University of Kansas, 


He will 
He succeeds Dean Kenneth 


Lawrence, Kansas, as president. 
Dr. Van Deventer was born in Salisbury, 
Missouri, October 22, 1908. 


Irene Gibson in 1934. They have one son 


He married 


named Frank. 

Dr. Van Deventer received an A.B. de- 
gree from Central College of Missouri in 
1930 and M.A. (1932) and Ph.D. (1935) 
degrees from the University of Illinois. His 
master’s and doctoral studies were in zool- 
ogy. The title of his master’s thesis was 
A New Species 
of Trematode, Parasitic in Bats. 


Lecithodendrium lampet, 
His doc- 
toral thesis was entitled Studies on the 
Biology of the Crayfish Cambarus pro- 
pinguus Girard. 

Teaching experience includes assistant 
in biology at Central College 1928-30 and 
Illinois, 1930-34; 
Biologist, Monroe County Parks, New 
York, 1934-35; professor of biology, St. 
Viator 
1935-38 ; 
Missouri, 1938-53; summer sessions at 
the University of Missouri 1939, 1940, 
1941 and summer science education work- 


at the University of 


College, Bourbonnais, _ Illinois, 


Stephens College, Columbia, 


shop, Teachers College, Columbia Uni- 
versity, 1945. Since 1953 he has been pro- 
fessor of biology and Head of Department 
at Western Michigan College, Kalamazoo, 
Michigan. 

Memberships in organizations include 
the National Association for Research in 
Science Teaching, Ecological Society of 
America, American Association for the 


VAN DEVENTER 


Advancement of Science, National Associa 
tion of Biology Teachers, National Science 
Teachers Association, and Sigma Xi. He 
served as Chairman of the Rural Section, 
Midwest International Seminar, Haslev, 
Denmark, in the Summer of 1949. He was 
Chairman of the Science Committee for Co- 
operative Study of Evaluation of General 
Education of ACE, Summer Workshop, 
1950. For many years he served as member 
and Chairman of the College Committee of 
the National Association for Research in 
Science Teaching. Previous to this year, he 
served on the Executive Committee and as 
Vice-President of the National Association 
for Research in Science Teaching. 

Dr. Van Deventer is the author of some 
thirty publications distributed among scien- 
tific and educational publications. These 
publications include Ecology, Proceedings 
of Illinois State Academy of Science, IlIli- 
nois Biological Monographs, Stephens Col- 
lege Publications, The Science Teacher, 
School Science and Mathematics, Science 
Education, Western Michigan College Pub- 
lications, and the Danforth. Foundation. He 
contributed a chapter on The General Bi- 
ology Course at Stephens College in Science 
in General Education (E. J. McGrath, Ed- 
itor), published by Wm. C. Brown and 
Company, Dubuque, Iowa. 

Dr. Van Deventer continues the notable 
list of science educators who have served 
with distinction as President of the Na- 
tional Association for Research in Science 
Teaching. His research studies and activi-- 
ties in promoting science education research 
have placed him high among the leaders in 
this area. He has a number of studies in 
progress and papers in process of publica- 
tion. “Van” as he is popularly known 


among his many friends is also appreciated 


as a raconteur of many delightful stories. 
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CRITICAL THINKING AND RESEARCH * 


Gorvon M. DUNNING 


Atomic Energy Commission, Washington, D. C. 


AM honored to be present with you today 


I 


thinking and research. 


and to discuss the subject of critical 
Since you are not 
unfamiliar with our topic today, we will 
not take the time to discuss the more philo- 
sophical aspects of what constitutes critical 
thinking but rather devote most of our 
attention to concrete examples. Since many 
of these deal in a general way with research, 
broadly defined, | have taken the liberty of 
giving this paper its title. 

In attempting to use fresh material here, 
most of the illustrations are drawn from the 
field of atomic energy. The majority of 
these are from the point of view that critical 
thinking was not well applied. I hasten to 
add that this approach does not mean that 
Atomic 
it 
afford a sharper, and perhaps more inter- 
esting, method of clarifying the 
Since our time is limited, I have 
only a few examples that do not 
too lengthy or too technical descriptions. 


all we do is make mistakes in the 
Energy Commission, but rather does 
points. 
selected 
require 


INSTRUMENTATION 
The advancement of research is neces- 
sarily based on a sound foundation of good 
instrumentation, both in terms of instru- 
ment design and use. One limitation in 
their use, that has become almost an axiom, 
is to the effect that the introduction of an 
instrument into an area of interest will in 
itself alter the original conditions. 
Sometime ago, experiments were being 
conducted in new designs for fuel elements 
to be used in a reactor. One problem in- 
volved in such a design was that of safety— 
to fabricate the elements and define their 
positioning within the reactor such that the 
production of an excess number of neutrons 
would be limited to a certain value. A pre- 
* Paper presented at the Twenty-Eighth Annual 
Meeting of the National Association for Research 
in Science Teaching, Teachers College, Columbia 
University, April 20, 1955. 
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liminary report on the experiments was 
encouraging—the number of excess neu- 
trons less than calculated. 


present was 


However, upon further analysis it was 
realized that the instrument that had been 
placed in the neutron flux to measure this 
quantity was itself absorbing neutrons and 
thus giving an underestimate of the excess 
number present. 

BIAS 


OF EXPERIMENTS 


It is not the intent here to attempt any 
discussion on deliberate and malicious dis- 
tortion of data, but rather to direct atten 
tion to the possible unwitting biasing of 
experiments or to the lack of recognition 
of this biasing when dealing with the con 
clusions. 

It is a well known “fact” that most radia 
tion-induced mutations have been shown to 
be deleterious. This has been stated in one 
form or another in many places, and | 
hasten to say that when considerably more 
data are accumulated, this conclusion un- 
doubtedly will stand. But here is the point 

to date, the majority of experiments by 
far have been designed to demonstrate the 
deleterious effects of radiation-induced mu- 
Little that 
radiation-induced have 


tations. wonder then “most 


mutations been 
shown to be deleterious.” I am not qualified 
to attempt an explanation of why the ex- 
periments have in this sense been biased, 
except to point out that deleterious effects 
are possibly more readily and _ positively 
identifiable than are beneficial ones, or than 
are a third type consisting of changes that 
may not be necessarily in either category. 
For example, an experiment with Dro- 
sophilia, involving sex-linked lethal char- 
acteristics may be conducive to relatively 
quick accumulation of statistically manipu- 
latable data and therefore selected in prefer- 
ence to one less promising in terms of 
conclusive results. 
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USE OF CONTROLS 

One of the essential features of the use 
oi control in experimentation is to subject 
both the control and experimental groups to 
identical conditions, leaving a minimum 
number of variables—preferably one—to be 
evaluated. This is rather nicely illustrated 
by some bio-medical tests conducted at the 
Commission’s Pacific Proving Ground. 

In addition to the experimental group, a 
control group of mice was shipped from 
the United States to the Pacific Proving 
Ground. They were at the same location 
aboard the same ship, bounced over the 
same roads in the same trucks at the test 
site, put into the same type of air tight 
barrels for the same length of time, ete. 
The one variable was the degree of radia- 
tion exposure. To some tax-payers it may 
seem like an unnecessary expense to pro- 
vide the control mice with a free ride to 
the Pacific, but, of course, this was essential 
to the success of the experiments. 


AVERAGES 


There is little doubt that measures of 
central tendency—the mean and the median 

are most useful tools in the statistical 
treatment of data. In fact, we have come 
to accept their use so spontaneously that 
sometimes we fail to recognize that they 
may have limitations—like the man who 
drowned attempting to cross a river which 
had an average depth of three feet. 

During an AEC operation a group of 
men at the site were exposed to levels of 
Actually, 
the radiation dose received by any of the 


radiation greater than normal. 


men was not dangerous, but since this was 
not known at the time by the cognizant 
office at another geographic location, a 
request was made for information. The 
reply stated that the average dose for all 
of the men was so much. Now, this might 
have had some statistical significance, but 
actually it failed to supply the needed in- 
formation. This was a case where wide 
variance in doses received was possible, 
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and the concern was for the health of each 


and every individual, not an average for all. 


INTERPRETATION OF THE SPOKEN OR 
WRITTEN WorpD 

Often loose speaking or writing stems 
from loose thinking or may be conducive 
to loose thinking. 

How often has one heard the expression, 
“That is not far from wrong,” when actually 
what is meant is “. . . not far from right.” 

I recall sometime ago attempting to 
hurry my young son through the ordeal of 
washing his hands before dinner. He had 
reached the stage of covering his hands 
with soap (and covering the cake of soap 
with dirt) and was happily squishing the 
suds through his fingers when I impatiently 
told him to wash off the soap and come to 
the table. Very dutifully he picked the cake 
of soap out of the dish and washed it off. 
At the moment, this was not my intent, 
but certainly it could be construed to be so 
from my statement. 

In transporting certain quantities of 
radioactive materials, a label is placed on 
the container to the effect ‘No person shall 
remain within three feet of this container 
unnecessarily.” The basic reasoning here 
is that, whereas the radiation level is not 
dangerously high, it is undesirable for one 
to remain in close proximity for long periods 
of time. This would result in the accumu- 
lation of a radiation dose which, while not 
hazardous, is an unnecessary exposure. 
There is no restriction to approach the 
container for short periods of time; in fact, 
the containers are handled directly, and not 
by any remote control equipment. 

In one shipment of similar quantities of 
radioactive material, a hand-made label was 
placed on a container ““Danger—do not ap- 
proach within 10 feet.” The intent of the 
label was the same as the first one, but did 
it convey the same meaning? In this case, 
some men refused to move the packages 
while others who did handle them were 
apprehensive later as to possible injury 
they might have incurred. They liken the 
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directions on the label to that of a fire 
where a close approach, even for a short 
period of time, could be hazardous. 

There are times when all of the possi- 
bilities of meaning are not appreciated be- 
cause one stops too soon in his analysis or 
does not examine closely the statements 
made. An oft-told story is the difference 
between an optimist and a pessimist in that 
one says that the glass is half full and the 
other says the glass is half empty. The 
usual assumption probably is that it is the 
optimist who says the glass is half full and 
the pessimist who says it is half empty. 
However, one could postulate that the glass 
contained a material such as caster oil. 
Further, the point of view would depend 
upon whether the caster oil were to be 
taken internally or to be used as a lubricant. 
Even if it had to be taken internally, it may 
not necessarily be a pessimistic point of 
view to say the glass is half full, since it is 
conceivable that this amount or more might 
be desirable under some circumstances. 


CAUSE-EFFECT RELATIONSHIP 

One of the most fundamental, and often 
difficult, operations in research is the estab- 
lishing of relationships between sets of 
data. Of these, cause-effect relationships 
are especially important. 

The question has been raised as to the 
causal relationship between the nuclear 
detonations that have taken place and the 
appearance of tornadoes. There is an un- 
mistakable, positive correlation between 
the increased number of nuclear detona- 
tions and the increased number of reported 
tornadoes in the United States since 1950 
but does this signify a cause-effect relation- 
ship? Without going into a_ technical 
meteorological discussion, some interesting 
information has come to light as a result 
of studies of this phenomenon. 

A tornado or any wind storm must be 
reported to the U. S. Weather Bureau be- 
fore it may be put,on the record.* It must 

* Appreciation is expressed to D. Lee Harris 
of the U. S. Weather Bureau for the data that 
follows. 
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be observed in sufficient detail to permit 
identification as a tornado, or it must do 
damage that can be recognized as being 
characteristically due to a tornado. Since 
past experience indicates that all tornadoes 
are not reported, it would seem a likely 
hypothesis that the percentage of tornadoes 
reported should increase as the population 
increases and should be higher in regions 
of higher density populations. 

A plot of the population increases during 
the past thirty years in the United States 
and of the increased number of tornadoes 
reported show remarkably similar trends. 
In fact, one might readily postulate that 
growth in population is an adequate ex- 
planation for the increase in numbers of 
reported tornadoes. 

A statistical treatment was applied to 
the data obtained from 28 regions where 
analysis was made of the frequency of tor- 
nadoes and density population. The test 
of significance was less than 0.04 and pos- 
sibly less than 0.001. 

Further examination showed (a) the 
number of tornadoes reported in the United 
States was below normal for 1945 and 1946 

-the first two years of nuclear detonations, 
(b) in 1952 and 1953 the onset of tornado 
activities preceded the first test detonations, 
(c) starting in 1951 the sharp rise in num- 
ber of tornadoes reported coincides with 
the initiating of a program by the U. S. 
Weather Bureau for an improved reporting 
system including the subscription to a press 
clipping service for this purpose. 

Due to the above factors influencing the 
total number of tornadoes reported each 12 
months in successive years, it would seem 
appropriate to compare trends for a given 
month from year to year, with trends for 
other months. This analysis indicates that 
for those months of the year when nuclear 
detonations have occurred, the proportion- 
ate increase in reported tornadoes is some- 
what less than for other months. Thus, one 
could jump to the conclusion that nuclear 
detonations inhibit the formation of tor- 


nadoes. However, the best estimate of all 
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the available data, including others not de- 
scribed here, is that there has been estab- 
lished no cause-effect relationship between 
nuclear detonations and the appearance of 
tornadoes. 


ASSUMPTIONS 

Oftentimes there are inadequate data 
available to allow drawing firm conclusions. 
It may not be simply a matter of gathering 
more data in a hurry, but rather of making 
the best estimate based on whatever in- 
formation is at hand. This may require mak- 
In fact, the 
use of assumptions, directly or implied, is 


ig simplifying assumptions. 


so common that it behooves us to be aware 
that any conclusion is only as valid as the 
assumptions upon which it is based. 

There certainly is nothing inherently in- 
correct about the use of assumptions. Quite 
the contrary, they are a most powerful 
means of developing concepts. It is a good 
mind that can postulate assumptions, con- 
ceive of the pathway that they will lead into 
and evaluate the conclusions in the light of 
the stated assumptions. Likewise, it takes 
an objective mind to postulate assumptions 
without bias of personal feelings, to follow 
wherever they may lead, and to accept the 
conclusions that may be distasteful to the 
individual. 

I recall a rather heated discussion over 
a report that had been prepared by scientist 
A. It was being challenged by scientist B. 
The conversation went something like this: 

Scientist B “This is what you think!” 

Scientist A “No, that isn’t even what I said | 
think. I say, if you take certain assumptions and 
calculate on the basis of these assumptions, what 
happens is you come out with these answers.” 

I think this illustrates nicely not only the 
role of assumptions but also the objectivity 
that should be employed to realize the 


greatest benefits from their use. 


In looking back over the past four years 
with the Atomic Energy Commission, | 
have tried to think what. characteristics 


seemed to be outstanding in the successful 
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pursuit of research. It would be presump- 
tuous of me to attempt an authoritative 
analysis, but there are two areas that have 
repeatedly come to my attention. These are 
difficult to state succinctly, but might be 
described as follows: 

1. Ability to cut through a maze of in- 
formation to see what the fundamental 
problem actually is; to see what parameters 
are involved and what data or avenues of 
research are needed to supply the basis for 
further appraisal. It has not been unusual 
to have spent considerable time in dis- 
cussing an issue over and over and finally 
to have someone really get to the “heart 
of the problem” by a stroke of insight. Then 
would begin the job of mapping out what 
further efforts were needed to reach a 
solution. 

2. Ability to identify the many relevant 
variables in a problem and to make reason- 
able estimates of how each may affect the 
conclusion. This requires not only a sound 
knowledge of the pertinent facts, but also 
an appreciation of what is missing—what 
variables may be in operation that are not 
immediately apparent. Further, the ability 
to make estimates of how those variables 
inay influence the conclusion, I have found, 
is very common to problems. The usual 
evaluation, at least intially, requires qualita- 
I think 
this aspect should be emphasized before this 


tive or semi-qualitative estimates. 


In addition 
to educating students in precise mathemati- 


meeting of science educators. 


cal solutions of problems, much effort should 
he devoted to helping him in developing the 
ability to make reasonable estimates, often 
based on limited data, of the direction and 
order of magnitude that the variable may 
have in influencing the answer. We right- 
fully frown upon a student introducing 
“fudge factors” in his laboratory experi- 
ments but perhaps this might reveal rela- 
tionships of the variables that he would fail 
to otherwise note. This is not a recom- 
mended procedure for the student but the 
general idea is well worth considering as 
a teaching method. 
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THE ROLE OF ASSUMPTIONS IN NINTH-GRADE 
GENERAL SCIENCE * 


ELLSWORTH 


U.S. Office of Education, Department of Hea 


The Problem and its Background 

HE purpose of this investigation was 
TF ewotcla 

(1) To determine the assumptions which 
may be supplemental to the observational 
data, but which are essential to the accept- 
ance of conclusions to be reached in a 
selected group of experimental exercises in 
ninth-grade general science. 

(2) To study ways in which a selected 
group of teachers of ninth-grade general 
science make provision for these assump- 
tions in their teaching procedures. 

Much of the so-called experimental work 
in general science is devoted to the illustra- 
tion of principles or their application. There 
is, in most cases, little thought given to the 
basic essentials of good experimental tech- 
nique involving such elements as the formu- 
lation of hypotheses, the collection and 
evaluation of evidence, the setting of con- 
trols, the identification of variables, the test- 
ing of hypotheses and the identification and 
evaluation of assumptions which are basic 
to the acceptance of conclusions. 

It was the considered opinion of the in- 
vestigator after more than a quarter of a 
century spent as a classroom teacher of 
general science, that the abilities involved 
in the recognition and evaluation of assump- 
tions were an important aspect of adjust- 
If this hypothe- 
the 


abilities involved in the recognition and 


ment to present day living. 


sis mav be considered tenable then 


* Based on thesis entitled “An Experimental In- 
vestigation of the Assumptions Underlying Se 
lected Experimental Exercises in Ninth-Grade 
General Science and the Ways in Which Teachers 
Make Provision for Them,” submitted in partial 
fulfillment of the requirements for the degree of 
Doctor of Philosophy, New York University. 
Paper presented at the Twenty-Sixth Annual 
Meeting of the National Association for Research 
in Science Teaching, Chalfonte-Haddon Hall, At- 
lantic City, New Jersey, February 16, 1953. 


S. Ospourn 


lth, 


Education, and Welfare, Washington, D. C. 
evaluation of assumptions should have con- 
siderable emphasis in the training of young 
people. Many of the ideas that we accept 
as truth are based in part, at least, upon 
assumptions that are often implied but sel- 
dom stated. For intelligent adjustment to 
present day living, it would seem reasonable 
to believe that young people should learn 
to recognize and evaluate the assumptions, 
implied or stated, that underlie so many of 
the conclusions they are called upon to 
accept in their everyday contacts. 

A preliminary study by the investigator 
revealed that the word “assumption” did not 
appear in fifty general science textbooks 
A further 
study of general science textbooks, labora 


published during the last decade. 


tory manuals, and workbooks gave no evi- 
dence of provisions for the identification 
nor the evaluation of assumptions in the 
experimental exercises. These results made 
it clear that some investigation of the prob 


lem of assumptions was in ordet 


The General Procedure 
? 
Phirteen sources of experimental exer 
cises were selected from textbooks, work 


books, and laboratory manuals of ninth 
grade general science. 

\ll experimental exercises in each of the 
sources were tabulated. This resulted in a 
total of 


group 45 


1,066 such exercises. From this 


exercises were selected for in 
tensive study. 

The 45 experimental exercises selected 
were subjected to intensive analysis by the 
investigator and a competent jury of three 
members for the purpose of identifying the 
assumptions in each exercise which were 
basic to the acceptance of the stated con- 
analyses resulted in the 


clusions. These 


identification of 212 original assumptions 


Following is a typical experimental ex 
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ercise including the stated purpose, the di- 
rections, the conclusions to be reached and 
the assumptions which were identified as 
necessary to the acceptance of the con- 


clusion. 


Title 

The Elements of a Fertile Soil 
Purpose 

To determine if some kinds of soil bacteria help 
plants grow. 

Directions 

Secure two pots of soil from a field in which 
crops of clover or beans are growing. Heat the 
soil from one pot to 130° F., and keep it at that 
temperature for 20 minutes in order to kill the 
bacteria in the soil. Then plant in each pot some 
seeds of clover and beans. Keep both pots well 
watered and in a good growing light and temper- 
ature.. When the young plants are one month old 
remove the soil from the roots and determine any 
differences in root conditions. Also observe any 
other differences in the plants from the two pots. 
Conclusion 

Some kinds of soil bacteria aid the growth of 
plants. (Taken from the Teachers Manual.) 
Assumptions 

The acceptance of the above conclusion rests 
upon certain things that are taken for granted as 
true. (Assumptions. ) 

1. The soil in which clover and bean plants 
grow contains bacteria which aid the growth of 
plants. 

2. Heating to 130° F., and maintaining this tem- 
perature for 20 minutes kill the bacteria. 

3. Soil bacteria are the sole cause of observed 
differences in growth and root structure. 

4. The seeds used in each pot had the sangé rate 
of germination. 

5. Clover and bean seeds will germinate and 
their plants will grow in soil that has been heated 
to 130° F. 

6. One month is sufficient time to cause a dif- 
ference in growth and root structure in the ex- 
perimental and control pots. 
7. A temperature of 130° F., maintained for 20 
minutes does not alter any other materials in the 
soil which might aid the growth of plants. 


B, and C 
four 


Three juries designated as A, 


each made up of seven groups of 


jurors each were selected as follows: 


(1) Jury A was comprised of recognized lead- 
ers in the field of science education. 

(2) Jury B was comprised of recognized lead- 
ers in the field of science education who had 
demonstrated contact with the 
solving objective. 

(3) Jury C was comprised of a highly selected 
group of teachers of ninth-grade general science. 


some pre »blem 


The purpose, directions, conclusions and 
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identified assumptions for each of the 45 
experimental exercises were duplicated and 
assembled into booklets of nine exercises 
each. These booklets were submitted to 
various groups of the above named juries. 
Each individual juror rated the assumptions 
on nine experimental exercises as essential 
er unessential to the acceptance of the stated 
conclusion, and added any assumptions 
which were deemed essential and which had 
not been included in the original list. These 
ratings added 188 essential assumptions. 
This made a total of 412 assumptions identi- 
fied with the 45 experimental exercises. 

In a check of the reliability of the original 
data secured from the three juries it was 
found that 16 per cent of the original jurors, 
reevaluating 84 per cent of the original 
assumptions, from 75 per cent of the experi- 
mental exercises, had an overall consistency 
of 82 per cent. 

The 45 experimental exercises and the 
412 assumptions were submitted to careful 
analysis by the investigator and a compe- 
tent jury of experts. The analyses were 
repeated after a lapse of six months time 
and again after a second period of four 
months. The first repetition resulted in a 
consistency of 97 per cent and the second 
in a consistency of 95 per cent. As a result 
of these studies the 45 experimental exer- 
classified into the following 


cises were 


types: 


(1) Exercises dealing with Causation 
(2) Exercises dealing with Effect 
(3) Exercises dealing with Property 
(4) Exercises dealing with Condition 
(5) Exercises dealing with Procedure 


The 412 assumptions were organized into 
the following categories : 


(1) Assumptions of Cause 
(2) Assumptions of Effect 
(3) Assumptions of Property 
(4) Assumptions of Condition 
(5) Assumptions of Procedure 
(6) Assumptions of Principle 
(7) Assumptions of Meaning 
(8) Assumptions of Source 


An index of agreement for each of the 
three juries on each of the 412 assumptions 
was determined by finding the percentage 
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ROLE OF 


of cases in which the assumption was 
rated as essential. By a similar procedure 
a combined index of agreement for all juries 
was determined for each assumption. 

The second purpose of this investigation 
was concerned with securing evidence on 
the ways in which teachers make provision 
for assumptions. This was done by class- 
room observation. Eleven cooperating 
centres were selected where science teachers 
were being trained. This selection was 
made from an original group of 21 insti- 
tutions. 

A Manual for Observers was written to 
prepare observers for making directed ob- 
servations. The plan called for observers 
to go into classrooms where experimental 
exercises were being taught and secure evi- 
dence on the extent to which, and the ways 
in which, provision was made for assump- 
tions. Following the observations, anec- 
dotal reports were written according to a 
pattern prescribed in the Manual. These 
reports were returned to the investigator 
for analysis and interpretation. Usable re- 
ports of 100 observations of the teaching 
of experimental exercises in ninth-grade 
general science were thus obtained. 


The Evidence—Part | 

The average mean Index of agreement 
on the essentiality for all categories of 
assumptions was found to be 71. Jury C, 
made up of selected teachers of ninth-grade 
general science had the consistently highest 
index of agreement; Jury A, made up of 
leaders in the field of science education was 
next; and Jury B, made up of leaders in 
science education who had made some con- 
tribution to the field of problem solving, had 
the consistently lowest index of agreement. 
The percentage of cases in which juries 
showed a tendency to agree as often as to 
disagree on the essentiality of an assumption 
was very small. It was found that on the 
average Jury B had a greater tendency to 
agree with Jury A than with Jury C. There 
was considerable presumptive evidence to 
show that Jury B was the most critical of 
all the juries. 
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Forty per cent of the assumptions were 
found to have mean indices of agreement 
that were above 80 or below 50, and sixty 
per cent of the assumptions had indices of 
The data 


revealed that Jury C was in complete agree 


agreement between 50 and 90 


ment on the essentiality of assumptions 11 
45 per cent of the cases, Jury A in 28 per 
cent, and Jury B in 24 per cent. 

The mean index of agreement for as- 
sumptions associated with each of the five 
types of experimental exercises was detet 
mined. ‘The average of these mean indices 
was found to be 71. 

The influence of certain elements con 
cerned with the logical pattern of an experi 
mental exercise in the judgment of juries 
on the essentiality of assumptions was 
closely studied. 

\n analysis of both the original and the 
added assumptions was made by category 
on the basis of those which were factual 
and those which contained an element of 
reasonable doubt (non-factual). This an- 
alysis seemed to reveal rather sharp dif 
ferences between factual and non-factual 
assumptions in the original and added 
groups. The mean index of agreement for 
each jury on both factual and non-factual 
assumptions was determined. These data 
indicated that among the personnel asso 
ciated with this study there seemed to be a 
greater sensitivity toward assumptions that 
were factual than toward those which con 


tained an element of reasonable doubt 


The Evidence—Part Il 

One hundred classroom observations of 
experimental exercises in ninth-grade gen- 
eral science were studied. Sixty-three per 
cent of these exercises were identical with 
the 45 experimental exercises selected for 
study in Part I. These observed experi- 
mental exercises were typical, both with 
respect to type of exercise and the cate- 
gories of assumptions associated with them, 
when compared with the type of experi- 
mental exercises and their associated 
assumptions, selected for study in Part I. 
A total of 138 assumptions were identified 
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in the observed experimental exercises. 
Fifty-five per cent of these assumptions were 
classified as factual and 45 per cent as non- 
factual. 

Physical factors of the school environ- 
ment such as type of community, school 
population, and size of class appeared to 
have no influence on the provision of class- 
room situations related to developing the 
abilities associated with assumptions. On 
the other hand there was evidence to show 
that assumptions are more likely to be pro- 
vided for in experimental exercises when 
some provision has been made for other 
aspect of problem solving, such as the use 
of control factors, proposing hypotheses, 
and the analysis and interpretation of data. 

For the most part experimental exercises 
in ninth-grade general science as revealed 
by this study, are presented by the teacher 
demonstration method. ‘Teachers appear 
to have adequate manipulative techniques 
hut in general, rate very poorly in experi- 
mental techniques where control factors 
are used, hypotheses are proposed, and 
data are analyzed and interpreted. 

The data revealed that the devices most 
frequently used by teachers in identifying 
assumptions were questioning and discus- 


sion. 


The Conclusions 

Within the limitations of the general pro- 
cedure and the specific techniques used in 
this study the following conclusions seem 
reasonable : 

(1) There is preponderant agreement 
among writers of general science textbooks, 
laboratory manuals, and workbooks, regard- 
ing the core of experimental exercises which 
should be included in the course in ninth- 
grade general science. However, these ex- 
perimental exercises, as now constituted, 
are generally inadequate in their provision 
for the identification and evaluation of the 
assumptions which are essential to the 
acceptance of the conclusions to be reached 
by the experimental exercises. 

(2) Juries made up of selected teachers 
of ninth-grade general science were less 
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critical when evaluating the essentiality of 
assumptions basic to the acceptance of the 
conclusions, and associated with the selected 
experimental exercises used in this investi- 
gation, than were juries made up of 
authorities in the field of science education ; 
and further, these juries of selected ninth- 
grade general science teachers showed less 
tendency to agree with juries of science 
educators on the essentiality of assumptions 
associated with the experimental exercises 
in this investigation, than the juries of 
science educators had to agree with each 
other. 

(3) Factors inherent in the pattern of 
composition of the experimental exercises 
selected and used in this investigation such 
as, having conclusions closely related with 
the stated purpose and clearly stated direc- 
tions, influenced the judgment of juries on 
the essentiality of associated assumptions 
for the acceptance of conclusions ; and fur- 
ther, there is a greater sensitivity on the 
part of juries involved in this study, for 
assumptions of fact than for assumptions 
containing an element of reasonable doubt. 

(4) There is a group of assumptions 
associated with the selected experimental 
exercises used in this investigation, which 
may be regarded as essential to the accept- 
ance of the conclusions stated by authors of 
textbooks, laboratory manuals, and work- 
hooks, of ninth-grade general science and 
which are to be reached by the performance 
of the experimental exercises ; and further, 
these experimental exercises contain ele- 
ments of similarity which enable their 
classification into types and the associated 
assumptions contain elements of similarity 
which enable their classification into cate- 
gories; however, there is no evidence of a 
pattern of relationship between the types 
of experimental exercises and the categories 
of assumptions. 

(5) There is no evidence to indicate that 
physical factors in the environment of a 
school operate to select teachers who are 
more likely to provide learning situations in 
which will 


ninth-grade general science 
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function to promote growth in the abilities 
associated with the identification and evalu- 
ation of assumptions. 

(6) 


science observed in this investigation are 


Teachers of ninth-grade general 
not sensitive to assumptions and show 
little awareness to the role of assumptions 
This lack 


m the part of teachers is perhaps a major 


in the acceptance of conclusions. 


factor militating against the provision of 
learning experience in ninth-grade general 
science which will provide for growth of 
pupils in the abilities associated with the 
identification and evaluation of assumptions. 

(7) There is a relationship revealed in 
this investigation between provisions made 
for practicing other abilities of problem 
solving in the performance of experimental 
exercises in ninth-grade general science and 
provision for the practicing of abilities asso- 
ciated with the identification and evaluation 
of assumptions. 

(8) Experimental exercises in ninth- 
grade general science, as revealed by this 
investigation, are presented almost exclu- 
sively by the teacher demonstration method. 
There is evidence to reveal that the manip- 
ulative techniques of teachers are adequate 
and the general experimental techniques 
which would provide for such elements as 
control 
hypotheses, and the analysis and interpre- 


factors, proposing and _ testing 


tation of data, is appallingly poor. 


The Recommendations 

(1) There is a need for writers of text- 
books, workbooks, laboratory manuals, and 
courses of study for ninth-grade general 
science to include in their writings a type of 
experimental exercise which will conform 
more to accepted standards of experimental 
work wherein use is made of control factors. 

2) There is a need for a clearer under- 
standing of the significance and place of 
assumptions as they are related to the 
acceptance of conclusions and to the total 
pattern of problem solving behaviour. 

(3) There is a need for the development 
of classroom techniques which will more 
adequately provide for training in the abili- 


ROLE OF ASSUMPTIONS QI 


ties that are fundamental to the identifica- 
tion and evaluation of assumptions. 

(4) There is need for a group of learn- 
ing studies at various levels of science in 
struction which will attempt to evaluate the 
worth of experimental exercises designed 
to conform more to accepted standards of 
experimental procedures as compared with 
the present types of exercises, in their pro 
vision for the identification and evaluation 
of assumptions which are basic to the 
acceptance of conclusions. 

(5) There is a need for a group of learn 
ing studies which will evaluate new tech- 
niques designed to provide training in the 
evaluation of basic as- 


identification and 


sumptions, as against presently accepted 
techniques. 

(6) There is a need for the development 
the 
science teachers and administrators, through 


of a greater awareness on part of 


whatever channels may be available and 
suitable, to the vital importance of assump 
tions in the day to day thinking of the man 
in the street, to the end that this awareness 
may lead to greater teaching emphasis on 
the abilities involved. 

(7) There is a need to include in the 
program of studies for prospective teachers 
of science, procedures designed to make 
them more sensitive to the place of assump- 
tions in the acceptance of conclusions ; and 
a further need to include in the program 
of studies for prospective teachers of 
science abundant experience which will give 
training in the abilities involved in the 
identification and evaluation of assumptions. 

(8) There is a need for a group of learn- 
ing studies which will investigate more 
closely the relationships which appear to 
exist between provision for various elements 
of problem solving in experimental exer- 
cises in general science. 

(9) 
type of 


There is an acute need for some 


inservice training for present 
teachers of ninth-grade general science to 
make them more sensitive to the identifi- 
cation of assumptions and more aware of 
the role of assumptions in the acceptance 


of conclusions. 








THE RELATIVE EFFICIENCY OF READING AND DEMON- 
STRATION METHODS OF INSTRUCTION IN 
DEVELOPING SCIENTIFIC | 
UNDERSTANDINGS * + 


CLARENCE H. 


BoECK 


University High School, University of Minnesota, Minneapolis, Minnesota 


THE PROBLEM 


- be teacher demonstration method of in- 


struction is commonly employed in 


Where 


this method is supplemented by discussion, 


science classes at all grade levels. 


reading, and the opportunity for individual 
laboratory experimentation, few science 
teachers would dispute its effectiveness in 
promoting the formation of understandings 
on the part of students. There is evidence 
to support laboratory experimentation if the 
teacher wishes to really promote learning 
and doing science rather than learning about 
science. There is evidence to support the 
use of an inductive approach to science in- 
struction if one wishes to develop the ability 
to use the methods of science with accom- 
panying scientific attitudes. The use of a 
combination of all of these constitutes sound 
science instruction. 

However, it is recognized that there are 
pupils enrolled in science courses who be- 
long there in spite of their low level of read- 
ing ability and the lack of suitable reading 
materials relating to the content to be 


taught—materials adapted to their reading 
ability. It is also recognized that classroom 


demonstration apparatus is not always 
available or may be impracticable for use 
in certain situations. To what extent can 
demonstration without reading be used in 
science instruction when it is necessary to 
teach in this manner? Similarly, to what 
extent can reading without concrete ex- 
periences or illustration be used when it is 
necessary to so teach ? 

* Paper presented at the Twenty-eighth Annual 
Meeting of the National Association for Research 
in Science Teaching, Teachers College, Columbia 
University, April 19, 1955. 

+ Financed by Graduate School Research Grants, 
University of Minnesota. 
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Aside from the practical phase of the, 


problem, which is the one of interest here, 
there is the pure scientific or psychological 
problem of the direct and joint contribu- 
tions of reading, demonstration and indi- 
vidual experimentation to the formation of 
scientific or psychological concepts. 

The purpose of this study was to com- 
pare the efficiency of three methods of in- 
struction for developing understandings in 
ninth grade general science. Specifically, 
the study compared the achievement of gen- 
eral science pupils (1) who read and dis- 
cussed prepared materials, (2) who did no 
reading but were given demonstrations 
with discussion over the same material, and 
(3) who were taught by a combination of 
these methods. Time required was four 
class periods for instruction, plus two addi- 
tional class periods for testing. A retention 
test was given after a period of 3-10 weeks. 
The subject matter dealt with mirrors and 
mirror images. Since these concepts were 
not usually introduced at the ninth grade 
level, it was assumed that they were simi- 
larly new for most students. 

The three methods of instruction were 
defined as follows: 

Reading Approach. Students were given 
a 6-page mimeographed pamphlet on mir- 
This 
instructional booklet was prepared by the 


rors as the basic instructional tool. 


author and contained no pictures, diagrams, 
or concrete illustrations. Each student was 
also given a study guide and instructed to 
secure for himself the answers to as many 
questions as possible during the assigned 
reading periods. Approximately one-half 
of each 50 minutes period was devoted to 
this activity. The remainder of time was 


spent in verbal discussion of the reading 
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material. At no time were demonstrations 
or diagrams employed for instructional pur- 
poses. No other reading material was avail- 
able. All study took place during the class 
periods and no study materials were al- 
lowed to leave the classrooms. 

Demonstration Approach. Teachers were 
asked to make extensive use of demonstra- 
tions, diagrams, and concrete illustrations 
as teaching aids. No reading material, in- 
cluding textbooks, was given to the stu- 
dents. Through discussion of demonstra- 
tion results, students sought answers to 
questions listed on a guide sheet. 

Combination Approach. In classes in- 
structed by the combination method, read- 
ing material (mimeographed), demonstra- 
tions, concrete illustrations, and diagrams 
were all freely used. Demonstrations 
sometimes followed and sometimes preceded 
the reading material. This approach repre- 
sented the more usual or typical method of 
instruction, whereas the reading and dem- 
onstration approaches represented a theo- 
retical rather than a practical contrast. The 
latter two methods were deliberately de- 
signed in this fashion so as to increase the 
likelihood that overall significant differences 
would be found. 

The eight teachers who participated in 
the experiment were instructed by the 
author in the proper application of the ex- 
perimental treatments and the use of the 
measuring instruments. This instructional 
period was approximately three hours in 
length including time for discussion and 
questions by the participating teachers. In 
addition, all participants were presented 
with instructional sheets which described 
the experimental procedures in some detail. 


THE POPULATION AND SAMPLE 


The population was defined as consisting 
of ninth grade science pupils of both sexes 
enrolled in the public schools of St. Paul, 
Minnesota during the school year of 1953 
54. Twelve public schools in St. Paul 
offered courses in ninth grade general 
science. Teachers of these courses were 
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contacted by mail, and asked to participate 
in the experiment. Affirmative replies 
were received from eight teachers repre- 
senting a total of 16 science classes. These 
16 classes were assumed to be a represent- 
ative sample of ninth grade science classes 
in the St. Paul Public schools. However, 
the conclusions are restrictive to the schools 
included in the experiment. 


MEASURING INSTRUMENTS 


The tests employed in this study were 
developed the previous year at University 
High School. Administration in this study 
was to all classes at the close of the experi- 
mental period and as a retest after an eight 
week time lapse. 

(a) 50-item (multiple choice) achieve 
ment test. This test covered mirrors and 
mirror images. When previously adminis 
tered to three ninth grade science classes 
at University High School, the reliability 
(Hoyt) was found to be .836, and the aver- 
age item difficulty 43.7 per cent. A high 
proportion of items were found to be sig 
nificant discriminators at the one per cent 
and five per cent levels of probability. This 
examination was not administered as a 
pretest since pilot studies had shown that 
it was too difficult to be of value when 
used for this purpose. 

(b) 32-1tem performance test (non 
verbal). This test required students to 
identify and characterize various images 
formed by plane, convex, and concave mir 
rors. A complete item analysis was also 
available on this test based on results for 
University High School. This test was 
also found to be satisfactory in terms of re 
liability, .864; average difficulty, 38 per 
cent; and item discriminating power. 

(c) Attitude scale. Apart from the 
measuring instruments described above, 
the attitudes of individual members of each 
class were investigated with respect to 
method of instruction. Twenty statements 
relating to the conduct and social climate 
of the class were presented to each student 
with instructions to make a plus sign before 
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the statement to indicate agreement; a 
minus sign to indicate disagreement ; and a 
0 to indicate indecision. 

In addition to the three measures ob- 
tained at the close of the experimental 
period, intelligence scores and _ reading 
scores were obtained for control purposes. 
The intelligence scores were secured from 
the Otis Self-Administering Test of Mental 
Ability. The majority of reading scores 
were obtained from the Stanford Achieve- 
ment Test, although some were obtained 
from the Iowa Every Pupils Test of Edu- 
cational Development. 


STATISTICAL ANALYSIS OF THE DATA 


In. this experiment it was impracticable 
to administer different treatments simul- 
taneously to different members of the same 
class, and it was not possible to reorganize 
classes according to the criterion of ran- 
domness. For these reasons, classes were 
treated as a unit, and randomness was in- 
troduced by assigning the three treatments 
at random to the 16 classes with the follow- 
ing restrictions : 

(a) No teacher taught the same method twice, 

and 

(b) The three treatments were replicated the 

Same number of times. 
Unweighted means were used as a measure 
of effectiveness of the treatments rather 
than weighted means, since it was desirable 
to give each class the same weight in the 


analysis. 


[Vor. 40, No. 2 
Analysis of Variance with One 
Classification 

All 16 sections were employed in this 
analysis in which the principal statistical 
technique was the analysis of variance. An 
assumption underlying the use of this tech 
nique was homogeneity of variance among 
the three treatments. This assumption was 
tested by use of the L test, and was 
accepted in every case. Another assump- 
tion underlying the use of this technique is 
reasonable normality of test data. The 
scores obtained by administering the three 
tests to the entire population in this study 
were tabulated with frequency distributions 
and plotted on normal probability paper. 
All three lines were approximately straight 
indicating normality of test data on all 
three tests. 

Mean scores for each variable under 
each method of instruction are shown in 
Table I. From this table it may be seen 
that performance on the final achievement 
tests was nearly the same from method to 
Similarly, differences between 
mean retest scores were very small. The 
only variable showing a large difference in 


method. 


this respect was the attitude scale, where the 
reading method of instruction was clearly 
regarded with least favor. Some differences 
were noted in mean 1.Q. scores of pupils in- 
structed under the different methods. 

The hypothesis of equal treatment means 
was accepted for both final achievement 
tests, the objective and the practical. Also, 


ANALYSIS OF VARIANCE TABLES 
STUDY ON DEVELOPMENT OF UNDERSTANDINGS IN 
NINTH GRADE GENERAL SCIENCE 
St. PAUL, MINNESOTA, 1953-54 


TABLE I 


MEAN Scores UNDER THE THREE METHODS oF INSTRUCTION 
FOR SCIENCE CLASSES UNbER Eacu METHOD 


Reading 
Multiple-Choice final 20.00 
Practical final 14.90 
Attitude scale hae 
Multiple-Choice retest 17.95 


1.Q. (Otis) 105 .66 


Demonstration Combination 


21.66 20.31 
16.21 15.60 

7.75 7.50 
18.53 17.91 
103.92 98.91 
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no differences between treatment means on 
these variables were found when intelligence 
scores were controlled by the analysis of 
covariance. When classes were retested on 
the multiple-choice examination, differences 
These results 
agreement with the 
pilot studies where it was found that the 


again were nonsignificant. 
were in substantial 
contrasting treatments appeared to have 
little or no effect upon the same variables. 

Significant differences between treatment 
means were found, however, using results 
oi the attitude scale. Clearly the reading 
method of instruction was regarded with 
least favor. Since the experiments were 
of comparatively short duration, differences 
in attitudes probably did not exert maxi- 


All of 


summarized in 


mum influence on treatment means. 
the above analyses 
Tables II, III, and IV. 


are 
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Analysis of Variance with Three 
Classifications 

This portion of the analysis was designed 
to remove the effects of certain other factors 
from treatment comparisons. For this pur- 
pose, data were utilized from three science 
teachers who had taught all three experi- 
mental methods. Students in each class 
were stratified into an upper, middle, and 
lower group based on performance on the 
reading examinations. Means for each 
group are given in Table V. 

A three-way analysis of variance using 
unweighted means was an appropriate 
model upon which to analyze the results.’ 
This analysis provided a test for each of 
three main effects : 

' Lindquist, E. F. Design and Analysis 
Experiments in Psychology and Education, Bos 
ton: Houghton Mifflin, 1953; 393 pp 


TABLE II 


ANALYSIS OF VARIANCE AND COVARIANCE OF 


MULTIPLE-CHOICE 


FinAL EXAMINATION W1TH I.Q. Hetp ConstTAnt 


Adjusted or Reduced 


Source of 





Variation D.F. 
Between methods 2 40.6176 
Within methods 12 135.7920 
Total 14 176.4096 


Sum of Squares Mean Square F 


Hypothesis 
20.3088 
11.3160 


1.795 Accepted 


TABLE III 


ANAYLSIS OF VARIANCE AND COVARIANCE OF PRACTICAI 


EXAMINATION 


with I.Q. HeLtp Constant 


Adjusted or Reduced 


Source of 





Variation D.F. Sum of Squares Mean Square F Hypothesis 
Between methods 2 14.6552 7.3276 1.1664 Accepted 
Within methods 12 75.3884 6.2823 

Total 14 90 .0436 


TABLE IV 


ANALYSIS OF VARIANCE OF ATTITUDE SCORES FOR THE 


SIXTEEN ScreENcE CLASSES IN St. Paut 


Adjusted or Reduced 


Source of 





Variation DF. 
Between methods 2 130.2630 
Within methods 13 83.5337 
Total 15 213.7967 


"rT < Bi. 


Sum of Squares Mean Square F 


Hypothesis 
65.1315 
6.4257 


10.1361 Rejected * 
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TABLE V 


MEANS ON THE EXPERIMENTAL VARIABLES BY METHOD AND TEACHER IN THE St. PAut Stupy 


Teacher A 


Teacher B Teacher C 


Method Method Method Method Method Method Method Method Method 


R D ~ 
Multiple-choice final 23.00 28.75 29.21 
Practical final 16.50 19.88 19.43 
[.Q. (Otis ) 112.75 104.12 104.75 
Multiple-choice retest 2100 20.16 2.72 


(a) method of instruction 

(b) teachers 

(c) reading level 
A test was also obtained for each of three 
first order interactions: 

(a) methods and teacher (MT.) 

(b) methods and reading levels ( ML.) 

(c) teachers and reading levels (TL.) 
With this design it was possible to investi- 
gate the possibility that teachers were more 
that 
methods of instruction were more effective 


effective with certain methods, or 


at certain levels of reading ability. The one 
second-order interaction of methods, read- 
ing levels and teachers (MTL) was used 
as an estimate of o*, the population variance. 
This provided a valid estimate of experi- 
mental error since groups within treat- 
A limita- 
tion of the design was found in the small 


ments were randomly assigned. 


number of degrees of freedom available for 
each test. Under these conditions, differ- 
ences would have to be quite large if they 
were to be detected. The alternative was 
to assume, contrary to fact, that pupils were 
randomly assigned to each class. (Analyses 
conducted under this assumption failed to 
disprove any experiméntal conclusions. ) 
An analysis of variance was carried out 
for the two final examinations. In each 
analysis two main effects were significant : 
differences between teachers, 5% level, and 
differences between 
Also, 


and methods was significant on the practical 


reading levels, 1% 


level. interaction between teachers 


examination, 1% level. ‘Teachers were not 
found to be equally effective with all three 
methods of instruction. Differences be- 
tween the three methods of instruction, the 


reading method, the demonstration method, 


R D . R D ( 
16.82 18.44 20.00 19.19 17.84 18.10 
8.33. 15:56 231.00 15.7% 33:42 16.75 
98.00 100.88 94.60 101.34 98.16 101.22 
16.00 14.22 18.41 17.63 15.64 15.93 


and the combination method were nonsig- 
nificant. This was in agreement with the 
previous analysis made on all sixteen sec- 
tions using a one-classification analysis of 


variance. An interesting result was that 
variaticn due to teachers was greater than 
the combined variation of all other main 
This was the 
analysis which permitted the isolation of a 
teacher effect. 


effects and interactions. 
It indicated in this investi- 
gation that teachers exerted greater in- 
fluence over achievement than did methods 
of instruction. 

Results of the multiple-choice achieve- 
ment test were further analyzed holding 
I... score constant. When the subgroups 
were made comparable with respect to 1.Q., 
the only change was in the variation due to 
reading levels, which was no longer signifi- 
cant. Variation between teachers remained 
as the significant and principle contributor 
to experimental variation. 
Table V1. 


observed in retest results on the multiple- 


The analysis is 
summarized in No change was 
indicated that 
students could retain information equally 


choice examination. This 


well under the three methods of instruction. 


CONCLUSIONS AND IMPLICATIONS 


It may be seen that within the experi- 
mental procedures outlined in this report, 
reading and demonstration methods of in- 
struction were equally effective in pro- 
moting the learning of scientific principles. 
This was true whether learning was 
measured by a verbal or by a performance 
test. 

However, in the study which made some 


attempt to ascertain attitudes of students 


? 
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TABLE VI 
ANALYSIS OF VARIANCE AND COVARIANCE OF MULTIPLE-CHOICE AQHIEVEMENT 
EXAMINATION Hotprnc I.Q. Constant 


Source of 


Variation D.F. 2x? Ly? rxy 
Total: 12 131.46 276.70 — 27.80 
Error (TML) S. S.08. i968 - 40.5 
TM - 4 75.87 V7 12.7 
Total. 12 107.82 352.80 20.70 
5 eB $ 32.20 153.8 19.8 
Total 12 68.56 374.70 - 64.40 
»-ML 4 12.97 175.7 — 23.9 
Residual 20 196.66 606.20 — 31.90 
T 2 648.16 415.5 512.3 
Total, 22 844.82 1021.70 480.40 
M 2 27.16 64.8 - 35.7 
Total 22 223.82 671.00 - 67 .60 
B 2 62.74 2024.6 349.3 
Total. 22 259.40 2639.80 317.40 

SP < Ji, 
where T = 1, 2, 3, Teachers 
M= 1, 2, 3, Methods 
L =1, 2, 3, Reading Levels 


toward their method of instruction, the 
demonstration method was regarded with 
most favor. Since the experiment covered 
little more than a week’s time, differences 
in attitudes probably did not exert their 
maximum influence upon achievement. It 
would appear useful in the future to investi- 
gate reading and demonstration methods of 
instruction over an extended period of 
time. 

A further question of interest concerns 
the appropriateness of the instructional 
methods for different levels of intellectual 
ability. The interaction between intelli- 
gence level and method of instruction could 
not be tested in any of the experiments. 
However, a” similar interaction (reading 
level and method) was insignificant in the 
experiment when this interaction was 
tested. This problem is a crucial one in 
individual differences and it is recom- 
mended that it be examined in future in- 


vestigation. It would also seem desirable 


D.F. Zx*" M.S. F Hypothesis 
1] 127 .67 

7 47 .35 6.764 

4 80.32 20.080 2.969 Accepted 


11 106.61 


4 59.26 14.815 2.190 Accepted 

11 57.49 

4 10.14 2.535 Accepted 

19 194.98 10.262 

2 423 .96 11.980 20.657 Rejected * 
21 618.94 

2 22.03 11.015 1.073 Accepted 

21 217.01 

2 26.13 13.065 1.273 Accepted 

21 221.11 


to design future experiments in such a 
manner that variation due to differences be- 
tween teachers could be isolated. Perhaps 
this cause of variation which often has 
been overlooked in educational experiments 
may prove greater than variation due to 
differences between these and _ similar 
methods. 

Finally, it would be informative to make 
similar treatment comparisons using other 
sets of scientific principles. Appropriate 
reading materials may sometimes be diffi- 
cult to obtain or ill-adapted for use at the 
junior and senior high school levels. In 
such cases, it would be useful to know that 
satisfactory understandings can be de- 
veloped by use of the demonstration method 
alone. On the other hand, it would be 
equally useful to know that the reading 
approach may be substituted with some con- 
fidence in cases where demonstration appa- 
ratus is unwieldly or unavailable for class- 
room purposes. 








THE GENERAL EDUCATION SCIENCE PROGRAM AT 
WESTERN MICHIGAN COLLEGE * 


W. C. Van DeveNTER, HAYM KRUGLAK, AND W. J. 


JERRY 


Western Michigan College, Kalamazoo, Michigan 


pape education science programs at 
the college level, as apart from the 
types of courses which they include, may be 
thought of as varying along a gradient from 
the extreme of a rigidly fixed requirement, 
under which all students are required to 
take the same course or courses at a specific 
point in their college career, to a completely 
elective situation, in which the general edu- 
cation science courses are provided, but 
students are free to take them or not, as 
they wish or as their individual programs 
dictate. Generally, at the conservative ex- 
treme, even students who are science majors 
or who are pursuing preprofessional science 
curricula are required to take the courses 
along with non-science students. At the 
liberal extreme, on the other hand, pre- 
professional and major science students are 
not encouraged, or in some cases are not 
permitted to take the courses. 

Stephens College probably furnishes an 
example of the liberal extreme.' There 
the General Biology course, which is the 
principal general education science course, 
is purely elective, and _ preprofessional 
science students are generally not per- 
initted to take it. Michigan State Uni- 
versity probably furnishes an example of 
the conservative extreme, since there all 
students are required to take the Natural 
Science course in connection with their 
work in the Basic College. 
that 
science programs differ also in the matter of 


Colleges have general education 
accepting transfer credit from other schools 
Most of 


them, however, are fairly liberal in this 


in relation to these programs. 


regard, not requiring that the transferred 

* Paper presented at the Twenty-eighth Annual 
Meeting of the National Association for Research 
in Science Teaching, Teachers College, Columbia 
University, April 19, 1955. 

! The General Biology Course at Stephens Col- 
lege, Science in General Education, E. J. McGrath, 
editor, William C. Brown and 
buque, Iowa. 1948. 


Company, Du- 
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course necessarily be the exact equivalent of 


their own. This is probably necessary, 
since most of the better-planned general 
education science programs are _ highly 
localized and vary widely from one insti- 
tution to another. Some colleges permit 
students to “comp out” of general educa- 
tion courses, including those in science, by 
passing comprehensive examinations in the 
field. 


cover the minimal learnings and under- 


These examinations presumably 
standings which are included in the courses, 
and passing them permits the student to 


take other courses in lieu of these. 


THE WESTERN MICHIGAN COLLEGE PROGRAM 
AS A WHOLE 


The general education program at West- 
ern Michigan College stands about midway 
of the gradient between liberal and con- 
servative extremes as indicated above. It 
is a flexible program within a rigid general 
education science requirement. Eight hours 
of general education science are required as 
a part of a total of forty-two hours of gen- 
eral education courses. These forty-two 
hours include, in addition to science, eight 
hours of social science, six hours of hu- 
manities, six or eight hours of communica- 
tion skills, four hours of physical educa- 
tion, and eight or ten hours elected from 
a group of courses chosen by the Basic 
Studies Council, the faculty group which 
advises the Director of the general educa- 
tion program. 

The eight hours of required science may 
be satisfied by any of four alternatives 
chosen from among separate general edu- 
cation courses. It should be noted, how- 
ever, that this is not simply a group elective, 
under which the student may take eight 
hours of zoology, or botany, or chemistry, 
or physics, or geology, utilizing the regular 
Rather, 
in this case, all of the courses which may be 


elementary courses in these fields. 
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used as alternatives have been built specifi- 
cally as general education courses, as dis- 
tinguished from beginning preprofessional 
and major foundational courses. 

The alternatives include the following : 

1. Four hours of physical science and four 

hours of biological science 
2. Four hours of biological science and four 

hours of human geography (earth science) 
3. Four hours of human geography (earth 
science) and four hours of physical science 

4. Eight hours (two semesters) of physical 

science, 

The eight to ten hours of general edu- 
cation electives may also consist partly or 
wholly of science courses, if the student and 
his counselor so choose. This is a relatively 
new phase of the program, and the science 
courses which may be used to fulfill this re- 
quirement are not yet well-defined or de- 
veloped. It is probable that additional work 
within the already-existing group of sixteen 
hours of general education science courses 
may in some cases be used to meet it. It 
is probable also, however, that as the pro- 
gram is developed, integrating or “cross- 
cutting” courses at an advanced level will 
be recognized, modified or developed to fill 
this need. 

Some courses beyond the freshman level 
which are now available, and which might 
be used, at least temporarily, in this ca- 
pacity are Outdoor Science (nature study), 
Conservation of Natural Resources, His- 
tory of Chemical Theory, Evolution, Gen- 
eral Ecology, Modern Advances in Physi- 
cal Science, Recent Advances in Biological 
Science, and Historical Geology. General 
Psychology, which is offered as a sophomore 
course, and certain courses in mathematics 
might also be used in this way. 

Indicative of what may be done in the 
matter of planning specific courses at the 
advanced level to meet the need for ad- 
ditional general education science electives 
is a course called The Nature of Science, 
which is offered by the biology department. 
This includes intensive study, at the junior- 
senior level, of scientific attitude and 
methodology, with some emphasis on illus- 
trations drawn from the field of biology. 
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Although the general education science 
requirement at Western Michigan college is 
rigidly set up to apply to all students, it is 
recognized that in practice certain excep- 
tions must be made to meet specific situa- 
tions. Students who enter the college with 
advanced standing, and who have taken 
work in science at the other colleges which 
they have attended, are generally permitted 
to omit Western’s general education science 
courses, if they have transferred as much 
as eight hours of science work in two dif- 
ferent fields. For this purpose chemistry, 
physics, biology and the earth sciences are 
considered as acceptable separate fields. 

Students who are majoring or minoring 
in science, and students who have taken 
science courses at the freshman level, other 
than the general education courses, in con- 
nection with following specific preprofes 
sional requirements, such as pre-medicine, 
are permitted to “comp out” of the general 
education science courses if they can pass 
comprehensive examinations in them with 
a grade of “middle C” or better. Such 
comprehensives, however, must be taken in 
at least two of the three general education 
science fields (physical science, biological 
science, and earth science) in order for the 
student to be excused from the full eight 
hours of the requirement. Entering stu- 
dents are also permitted, under certain con- 
ditions, to take the comprehensives and 
“comp out” of the general education science 
courses on the same basis. They, however, 
must elect additional courses in science on 
the advice of their counselor in order to 
complete their program. 

The Basic Studies Council is empowered 
to grant exceptions to the taking of por- 
tions of the general education program in 
the case of curricula which have as yet not 
heen able to adjust their course load to in- 
ciude all of these courses. This has been 
done on a temporary basis in a .very few 
cases, but is subject to re-evaluation as the 
program evolves and matures. Likewise 
the policies which have been set up to gov- 
ern exceptions through transfer of science 
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credit, and exemptions through the taking 
of comprehensive examinations are tenta- 
tive. They are subject to re-study and re- 
evaluation by the Council and the Director 
of Basic Studies. 


THE PHYSICAL SCIENCE ALTERNATIVE 

The Physical Science course includes 
material from the fields of physics, chem- 
istry and astronomy, but uses illustrations 
from the biological sciences when these are 
appropriate. Geology and meteorology are 
not treated in this course because they form 

a natural part of the subject matter of the 

earth science course (Human Geography ). 
Two of the important goals of the course 

are: 
1. To present to students an integrated picture 
of physical science; to break down compart- 
mentalized thinking. Objects and _phe- 
nomena in the natural world do not classify 
themselves into physics, chemistry, biology, 
and astronomy as such. 

2. To present to students as much experiential 
background with the physical world as pos- 
sible. Students come to college with very 
little background in this regard in most cases. 
They need to expand this. 


) 


The course is based on selected principles, 
grouped around the major principle of the 
conservation of energy and mass. Con- 
servation of energy is approached through 
mechanics, and conservation of mass 
through chemistry. These are then brought 
together through the study of nuclear 
energy. 

Most of the basic principles are presented 
during the first semester course, which is 
repeated for students entering during the 
second semester. This enables students to 
use the first semester of the Physical 
Science course in combination with either 
Biological Science or Human Geography. 
For students who elect to complete the gen- 
eral education science requirement with a 
second semester of Physical Science, appli- 
cations of principles form the basis of the 
second course. 

The class size is limited to forty. Straight 
lecturing is de-emphasized in favor of the 
Socratic method of question and answer. 
There is no laboratory in the traditional 


[Vor. 40, No. 2 


sense, but students are allowed to “handle” 
as many of the demonstrations as possible, 
and a problem-solving approach is used 
consistently. About ten or twelve “home 
experiments are required of students. The 
following are examples of these : 


1. Each student buys a cheap theromometer 
These are bought to class and calibrated 
against standard temperatures. The Fahren- 
heit scale is converted to the Centigrade 
scale, and this is placed on each thermometer. 

2. Each student buys a small compass, and is 
asked to plot the magnetic field around a 
nail that has been magnetized as compared 
to one that is unmagnetized. 


~) 


For each such experiment a data sheet 
and answers to specific questions are handed 
in. It is recognized that present procedures 
are only a “stop-gap” against the time 
when space and staff facilities will make it 
possible to introduce more extensive labora- 
tory procedures, and center the course 
around them. 

Heavy use is made of motion pictures, 
including such films as Encyclopedia Bri- 
tannica’s “Sound Waves and Their 
Sources,” “Fundamentals of Acoustics” 
and “Molecular Theory of Matter. 
tively few demonstrations are attempted 


”  Rela- 
within a single hour class period. It has 
been found that most students will not 
absorb more than two or three demonstra- 
tions in a single period. It is necessary to 
delimit carefully the amount of material; 
to choose a few principles and cover these 


thoroughly. 


THE BIOLOGICAL SCIENCE ALTERNATIVE 


This course, which is offered for four 
hours credit, meets for six clock hours each 
week during the semester, either three two- 
hour periods or two three-hour periods. 
These periods are used for lecture, demon- 
stration, laboratory or field work, as is 
necessary or desirable according to the 
nature of the material being dealt with. 
Actually, between one-third and one-half 
of the course is laboratory. ‘The units are 
built around laboratory experiences. Classes 
are limited to either twenty-four or thirty, 
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depending on the room in which the section 
is scheduled. 

Biological Science? is a block-and-gap 
course, based on three problem-areas : 

1. Nature: A Dynamic Balance 

2. Probability: A Factor in Science and Life 

3. Disease: A Relationship Between Organ- 

isms and Within Organisms 

Kach of these problem-areas is explored 
intensively, along with its natural affinities. 
In this way a fairly wide range of the bio- 
logical topics which are generally considered 
important for inclusion in basic biology 
courses are dealt with. No attempt is made, 
however, to “cover the field.” 

Under the first problem-area, dealing 
with the balance of nature, the following 
units are included : 

a. A Necessary Skill: The Use of the Micro- 

scope 

b. The Balanced Aquarium: A Community of 

Plants and Animals 


c. The Pond Infusion Culture: A Changing 
Community 


d. Conservation: Man and Environmental 
Change 

e. Evolution: A Result of Environmental 
Change 


Under the second problem-area, dealing 
with aspects of probability, are the following 
units : 

a. Probability and the Nature of Science 

b. Probability in Action: Heredity 

c. An Unexpected Aspect of Probability: The 

Nature and Origin of Life 

Under the third problem-area, dealing 
with disease, are the following : 

a. The Body as a Community of Cells: Non- 

parasitic diseases 

b. Invaders from Outside and the Body’s Re- 

action to Them: Parasitic Diseases 

c. The Neural Mechanism and Mental Dis- 

orders 

d. The Mammalian Embryo: A Special Case 

of Parasitism 

The goals of the course include (1) a 

db 
reaching after fundamental ideas, and (2) 
an understanding of the point of view of a 
scientist and the kinds of things that he 
does. It is possible to isolate within each 
problem-area one or two large, basic ideas 

2“Designing a Basic Science Course for a 
Specific College Situation,” School Science and 
Mathematics, February, 1955. 
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which can be stated as generalizations. 
These are statements of relationships rather 
Related to 


these basic ideas are lesser generalizations 


than bare factual statements. 


of a more strictly factual nature, and re- 
lated to these, in turn, are the “facts of 
science” at the level of pure subject matter. 
Facts are used as tools to get at ideas, rather 
than as ends in themselves 

The centrality of the laboratory prevents 
this idea-centered course from becoming 
overly deductive in nature. Scientific atti- 
tude and methodology can be taught, if the 
teaching of them is gone at as specifically 
as we would approach the teaching of some- 
thing like the laws of heredity. Therefore 
a unit on the nature of science is included, 
along with bringing all other units and ex- 
periences to bear on the attainment of this 
goal. This unit is taught in laboratory 
fashion, just as the others are. It is placed 
near the middle of the course because of 
the need both for subject matter to base it 
on and time to deal with it adequately. 

\ danger which is avoided is that of 
allowing the course to become too classi- 
cized. While the value of the historical ap- 
proach is recognized, and use is made of 
it within each unit wherever the oppor- 
tunity arises, the student must not be 
allowed to fall into the error of thinking 
that science is something completed, either 
in the sense of an infallible and universal 
method, or a finished body of knowledge 
to be admired and used like a new machine, 
but no longer offering any real challenges. 
This is prevented by resorting to a careful 
and critical utilization of science-in-the 
news. 

Students are required to read and evalu- 
ate a minimum amount of science news 
each week. They are taught criteria for 
distinguishing good science news reporting 
and writing from poor. This regular con- 
tact, at the layman’s level, with what is 
new in science gives to students a feeling 
of being “on the firing line” of advancing 
research. It is further recognized that 


science news will be the major contact 
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which the non-technical student will have 
with research after leaving the general edu- 
cation science program. Also, science news, 
when it is carefully evaluated, contributes 
to the achievement of the goal of helping 
the student to “understand the point of view 
of a scientist and the kinds of things that 
he does.” 

The evaluation of student achievement is 
carried on by means of structured unit re- 
ports and laboratory reports, and _ tests. 
These tests are objective “best answer” 
tests, which stress understanding of rela- 
tionships rather than memorization of 
facts. One such test is based on the stu- 
dent’s ability to understand and evaluate 


science news." 


THE HUMAN GEOGRAPHY ALTERNATIVE 

Human Geography is a non-laboratory 
course, meeting for four hours a week 
during a semester for four hours credit. 
It is organized to emphasize the natural 
environmental factors to which the activi- 
ties of people are related. The topics within 
it are considered on a world-wide basis. 
The subject matter of the course includes 
climatology, meteorology, geology, physi- 
ography, soil, and the biotic environment. 
The integrating idea of the course is that 
of conservation. 

The characteristics of the basic climatic 
types are described, along with their 
occurrence in the world. Fauna and flora 
are considered in connection with each cli- 
mate. Characteristics of land forms, 
weathering, erosion and soil development 
are considered under physiography. Rocks 
and minerals are stressed under geology. 
Paleontology and evolution are not in- 
cluded here because they form a natural 
part of the subject matter of the Biological 
Science course. Ground water and the sur- 
face water of the land and oceans are in- 
cluded. 

Consideration is given to the effects of 

3.4 Test of Science Reasoning and Under- 
standing, Form C, Cooperative Study of Evalua- 
tion in General Education of the American Coun- 


cil on Education. Am. Council on Education, 
1952. 
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climate, soil, minerals, topography and the 
biotic environment on the occupational pur- 
suits of people, transportation, communi- 
cation, density of population and the growth 
of cities. Emphasis is placed on agricul- 
tural adjustments in relation to climate. 
Land use and conservation of natural en- 
dowments are stressed. Soil conservation 
is given a prominent place. 

It is hoped that as a result of this course, 
students will develop a workable picture 
of the whole earth, with all of its many 
regions, as the abode of man. As in the 
case of the Physical Science course, it is 
recognized that ideally Human Geography 
The staff 
therefore looks forward to the time when, 


should be laboratory-centered. 


with the necessary expansion of staff per- 
sonnel and facilities, the addition of labora- 
tory work to the course will be possible. 


SUMMARY 

The general education science program 
at Western Michigan College is a broadly 
permissive one. Through the utilization of 
its various alternatives it allows a consider- 
able amount of student selection, with 
adaptation to individual needs and abilities, 
special curricula and individual programs, 
all without sacrificing its essential general 
education character. 

It is a program which has not yet reached 
full development, and probably will never 
(or should never) become rigidly frozen 
and fixed. Its staff are still looking for new 
and better answers to their problems, 
thereby recognizing that they do not have 
all such answers yet. In this way the pro- 
gram makes possible, and to some extent 
even puts a premium on continued research. 

Finally, the program emphasizes the 
laboratory approach, and those in charge 
of it are not satisfied to accept less on a 
long term basis. Therefore, the program is 
being moved in this direction as rapidly as 
possible. The faculties of each of the 
alternative areas believe that laboratory 
work, broadly defined, is just as important 
for general education students as it is for 
preprofessional students and science majors 
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THE PROBLEM APPROACH IN PHYSICAL SCIENCE * 


CLEMENT L. HENSHAW 


Colgate University, 


Introduction 

HE past 25 years have seen wide changes 
Tin college level science instruction to 
students not specializing in science. The 
earlier practice in most institutions was to 
require them to take one or more of the 
introductory courses in the separate science 
departments. But the increasingly techni- 
cal character of these courses, and the ex- 
panding areas in which science was making 
important discoveries, prompted many col- 
lege teachers to design other science courses 
of a different type for these non-specialist 
students. 

The first departures from the traditional 
courses were made by omitting the more 
technical material needed only by the 
specialist and bringing in related subject 
matter from other areas of science. Thus 
arose what was called the “survey” course 
in science in which a student was introduced 
to concepts and discoveries from several 
related fields such as astronomy, geology, 
physics and chemistry, or botany, zoology, 
physiology, and psychology. He was not 
only made acquainted with wider portions 
of the science area but he was shown how 
many basic principles cut across the arti- 
ficial boundaries of the separate fields. At 
the same time he was spared the drill on 
technical skills which is needed primarily 
as preparation for advanced work in the 
different sciences. 

But man’s accumulated knowledge in 
science is immense, and is growing at an 
increasing rate. The temptation to include 
more and more material in a survey course 
in science is therefore difficult to resist. 
sy the end of World War II the trend to 
more subject matter was disturbing general 
education science teachers at a number of 

* Paper presented at the Twenty-Eighth An- 
nual Meeting of the National Association for 
Research in Science Teaching, Teachers College, 
Columbia University, April 19, 1955. 
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institutions. They were concerned not only 
with the increased tendency toward super- 
ficiality which greater volume of material 
fosters. They feared that the survey ap- 
proach was emphasizing almost exclusively 
the knowledge aspect of science and ignor- 
ing another equal or greater aspect, namely, 
how science gains this knowledge. For 
students who do not specialize in science, 
most of the scientific facts they learn will 
be forgotten, but an appreciation of how 
science discovers these facts and solves its 
problems will not only last a longer time 
but will be of great value to them as future 
citizens. A variety of ways to restrict the 
factual content and bring out the methodo- 
logical aspects of science have been at- 
tempted.’:*»* This paper describes the 
approach followed for the past ten years 
at Colgate University. 


Core Curriculum in General Education 
During the decade of the 1930's Colgate 
University required all students to take five 
one-semester survey courses, mostly of four 
credits each, in physical sciences, biological 


sciences, social sciences, philosophy and re 


ligion, and the fine arts. The first four 
were located in the freshman year. The 


virtual displacement of the normal academic 
program by special courses for naval 
trainees during 1943-1945 was a natural 
time to review the curriculum, particularly 
the requirements for general education. The 
outcome of this study was the adoption of 
the following core of required courses de- 


signed to extend through the four years 


1E. J. McGrath, Editor, Science in General 
Education, Wm. C. Brown and Company, Du 
buque, Iowa, 1948. 

21. B. Cohen and Fletcher G. Watson, Editors, 
General Education in Science, Harvard University 
Press, Cambridge, Massachusetts (1952). 

3W. C. Van Deventer, Science Education, 33, 
pp. 183-190 (April, 1949) ; 37, pp. 159-172 (April, 
1953). 
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(There was a language requirement in 
addition to the core courses. ) 


Year Course Credits 
Freshman Problems in Physical 
Science 4 
Problems in Biological 
Science 4 
Problems in Public Affairs 6 
Problems in Philosophy 
and Religion 6 
Sophomore \rea Studies (one of 
eight ) 6 
Communication 3 
Music and the Visual Arts 3 
Junior Literature 3 
Senior American Idea in the 
Modern World 3 
Total 38 


After a few years of experience, a feeling 
developed in the Faculty that, desirable 
though these courses might be, the total 
requirement was too high a fraction of the 
120 credits for the B.A. degree, and was 
too heavily concentrated in the freshman 
year. Accordingly, in 1954 the core cur- 
riculum was revised to the list below, and 


is progressively being put into effect. 


Year Course Credits 
Freshman Problems in Physical 
Science 3 
Problems in Biological 
Science 3 
Problems in Philosophy 
and Religion 6 
Sophomore Communication 3 
Music and the Visual Arts 3 
Literature 3 
Area Studies 3 
Junior American Ideals and 
Institutions 4 6 
Senior \merica in the Inter- 
national Community 4 3 
Total 33 


\ student may be exempt from any of 
these courses by passing a special examina- 
tion. In addition, a student who takes a 
year laboratory course in any science may 
omit one of the two core science courses. 
This provision was adopted, not because of 
duplication but because it will help a stu- 


4 Unofficial titles of a 12-credit sequence (with 
Area Studies) now under development. 
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dent concentrating in science to obtain a 


much needed breadth in his program. 
Objectives of the Physical Science Cours¢ 


At the time the core curriculum was 
launched in 1946, a detailed list of ob- 
jectives of Core 1, as the physical science 
course was called, had not been made. The 
basic plan was to gain greater depth of 
penetration in limited areas than was 
achieved in the physical science survey, and 
also to introduce an emphasis upon how 
scientific knowledge is arrived at. Hence 
the suggestion of approaching selected 
topics as scientific problems seemed emi- 
nently suited to the purpose. As experience 
has been gained with this method, the ob- 
jectives can now be more clearly stated. 


They are: 


1. To avoid superficiality of approach by ex- 
ploring the chosen subject matter to greater 
depth than customary at the freshman level. 

2. To introduce actual experience in critical 
thinking and logical reasoning with science ma- 
terials. 

3. To break the students’ habit of relying solely 
upon the authority of textbook or teacher, re- 
placing it in part by reliance upon the authority 
of facts and logical reasoning. 

4. To convey some understanding of science as 
an enterprise, as a means of getting knowledge 
and solving problems. 

5. To acquire knowledge in certain areas and 
an appreciation of the interrelatedness of knowl- 
edge in science 

6. To point out some of the relations between 
science and _ society, both historical and con- 
temporary. 


Obviously there are real limits to the 
degree of achievement of broad objectives 
such as these, and there is no easy measure 
for describing how much is accomplished. 
But the order in which the objectives are 
listed indicates the relative importance 


assigned to them at present.® 


’ The companion course, Problems in Biological 
Science (Core 2), was originally designed for 
the same purposes in the life sciences. But due 
to natural differences in staffs and points of view, 
the present emphases in the two courses are not 
the same. In Core 2, objective No. 5 would prob 
ably appear in the second position with reduced 
emphasis upon those that follow. 
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PROBLEM 


Organization and Conduct of the Course 

Colgate University, as a liberal arts col- 
lege, is committed to the extensive use of 
small classes and student participation. 
Accordingly, the two science core courses 
were set up for three discussion meetings 
a week of about 25 students each, and one 
general meeting when all sections came to- 
gether. With the recent reduction from 
four to three credits, the total number of 
meetings per week is now three, with about 
the same proportion between discussion and 
general meetings. Most general meetings 
are lectures in which background material 
is presented or the line of reasoning of a 
problem is reviewed. Appropriate demon- 
strations and films are found valuable if an 
effort is made to tie them closely to the 
material being presented. The lecturer is 
the staff member having the best back- 
ground in the particular topic. 

Staff for these courses is drawn from 
the regular science departments with occa- 
sional assistance from a man in some other 
area who has adequate background. Each 
instructor carries his section throughout 
the entire semester, a policy which may be 
hard on the instructor at first, but one, it 
is believed, which is essential for good 
teacher-student relations and for effective 
teaching. No instructor is asked to carry 
more than two sections, equivalent to half 
his load. 

With assorted instructors teaching a 
course which is different in both subject 
matter and approach from conventional 
science courses, certain provisions are 
needed to prevent too wide a diversity in 
interpretation of the objectives and stand- 
ards of performance expected of the stu- 
dents. The most important of these pro- 
visions is a weekly staff meeting and coffee 
hour. Here, in an informal atmosphere, 
there is a free interchange of ideas, com 
paring of experiences and discussion of 
teaching problems. Led by the member 
who has the best background in the par- 
ticular area, the staff also takes up the 
advance material to clear up questions or 
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uncertainties and to plan the broad method 
of attack to be used. These discussions, 
particularly if the problem is a target of cur- 
rent research, inevitably bring in advanced 
information on recent developments. Much 
of this may be too detailed or difficult for 
presentation to the students but it serves to 
enrich an instructor’s background and 
maintain his interest. 

Uniformity of standards is achieved by 
the use of common monthly tests for all 
sections. All staff members share in the 
preparation of these tests, with final forms 
reviewed in staff meetings. Since test 
questions are so important in setting the 


objectives of a course as well as its stand- 


ards, a further discussion of their con- 
struction will be found in the section on 


Evaluation below. 
Text Materials 

No single book can serve as a text fot 
a course of this type, nor is a single source 
consistent with the objectives of the course 
As explained below, when taking up a 
topic as a scientific problem, the student 
needs access to factual information as well 
as certain expository material covering re- 
lated principles. This material is supplied 
to the student in two ways. First, he pur- 
chases a manual for the course which con- 
tains explanations of how each problem 
will be approached and reproductions of 
useful articles from sources like the Scien 
tific American. The second means is for 
the student to consult portions of several 
selected texts or popular books on science 
Multiple copies of these are kept on reserve 
in the library. Experience has shown that 
some of these library readings are of greater 
value than others. Those which are largely 
dogmatic contrast awkwardly with the more 
investigative attitude which is striven fot 
in the classroom. So they are being re 
placed with appropriately written exposition 
in the manual. There is no plan at present 
to eliminate a// library readings. The neces 
sity for consulting varied sources has dis 


tinct advantages. Students benefit from 
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differing viewpoints, and they are less likely 
to regard a single volume as the sole and 
final authority on all matters. 


The Problem Approach 

The greatest and most obvious weakness 
of the problem approach for teaching 
science in general education to non-special- 
ists is the lack of broad coverage of subject 
matter. Staff members who taught in the 
former survey course at Colgate found it 
quite a wrench to shift to a course which 
omitted large blocks of material they had 
thought valuable or important. Obviously, 
such omissions are justified only if the 
teacher can bring himself to believe that 
greater ends can be substituted. He must 
remember first, that within the span of a 
one-semester survey course, a great deal of 
subject matter must be ignored, and second, 
the retention of factual knowledge in any 
field is poor unless it is constantly used. 
He can also take into consideration that 
most of these students have been exposed, 
at a lower level of difficulty, to fairly broad 
science coverage in secondary school gen- 
eral science courses. 

There are several advantages to the prob- 
lem approach. First, for the study of how 
scientific knowledge is gained, it is a more 
natural and reasonable procedure than ab- 
stract discussions of logic and methodology. 
Obviously impressed with the tremendous 
advances in scientific knowledge, philoso- 
phers have for years described and analyzed 
what they call “the scientific method.” 
Many educators have thus taken their cue 
to summarize into four or five simple steps 
what this Yet re- 
search scientists see little resemblance be- 
tween this summary and their’ own efforts 
or those of their predecessors. They claim 
there is no single method for solving all 
scientific problems; there are many meth- 
ods. Their position is best illustrated by 
the colorful and often quoted statement of 
P. W. Bridgman, Harvard University 
physicist, who has said, “The scientific 
method is doing one’s damndest with one’s 
brain, no holds barred!” 


‘ 


‘scientific method”’ is. 


The common 
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factors which appear in all scientific investi- 
gations are not steps of procedure, or 
method, but principles of scientific think- 
ing, such as the requirement that any ac- 
ceptable hypothesis be consistent with all 
the available evidence and that such evi- 
dence be based upon “publicly verifiable” 
observations or experiments. If real scien- 
tific problems are studied it is possible to 
bring out frequently the tentativeness of 
hypotheses, and the bases for their accept- 
ance or rejection, and still note that the 
procedural steps are far from identical. 

A course which discusses scientific pro- 
cedures and stresses principles of scientific 
thinking sounds like a course about science 
rather than a course im science. This criti- 
cism can be avoided with the problem 
approach because the students can have 
some active participation in the solutions 
of the problems. They read about some 
of the relevant facts and hypotheses pro- 
posed and in class discussion they consider 
the degree of support different facts lend 
to different hypotheses. This is why discus- 
sion meetings are so important for this 
method of teaching. The educational 
process of getting the student actually to 
participate in the reasoning process is quite 
different from the one in which he merely 
tries to remember the steps of reasoning fol- 
lowed by someone else which he hears pre- 
sented to him in a lecture. 

A third advantage of the problem ap- 
proach is its ability to capitalize upon the 
natural interest of the student in recent de- 
velopments. Not every problem currently 
under investigation lends itself to a course 
at college freshman level, but there are 
plenty that are incompletely solved in which 
students show keen interest. And _ by 
selecting problems from a variety of science 
fields, some breadth is gained by the sam- 
pling process, even though the degree of 
coverage achieved in a survey course is not 
possible. 


Selection of Problems 


Although the interest appeal of contem- 
porary scientific problems is obvious, a 
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person trained in physics or chemistry won- 
ders immediately how it would be possible 
in a freshman course to deal with problems 
on nuclear energy levels or the structure of 
complex organic molecules, where so much 
background and experience is necessary. 
Clearly these are out of the question, as 
are most problems in straight physics or 
chemistry. But there are many areas in 
the physical sciences which do not require 
so much mathematical skill or theoretical 
knowledge. In geology, astronomy, astro- 
physics, geophysics, meteorology and the 
like there are countless problems into the 
exploration of which these students can be 
led far enough to appreciate how it is done 
and what some of the results are, and in the 
process he learns some basic science as 
well. A few of such problems are the origin 
and age of: the solar system, asteroids, 
meteorites, moon, lunar craters, earth’s 
atmosphere, submarine canyons, Carolina 
Bays, Pacific atolls, etc., or the cause of 
climate changes, the stratosphere, iono- 
sphere, electricity, 
earth’s magnetic field, etc. For few if any 
of these problems will the instructor find 


aurora, atmospheric 


source material already prepared for class 
use. He may have to consult treatises, 
texts, and scientific journals. Some popular 
books in science take up these topics and 
articles in magazines like the Scientific 
American sometimes give good summaries. 
How far he explores will depend upon the 
depth of penetration he thinks will interest 
his students and lie within their capacities. 
Some of these problems, such as the origin 
of the solar system, have been the target 
of investigators for a long enough time 
that a historical approach to the problem is 
profitable. In this way the students can 
see how an appealing hypothesis is later 
discarded on new evidence or more careful 
study. 

It has been found unwise to use too large 
a proportion of problems which lack a 
final answer. Students become uneasy and 
frustrated if they cannot find some knowl- 
edge on which they can rely. One method 
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for treating a “solved” problem is to handle 
it as a “case history,’ a method initiated 
at Harvard University by former President 
Conant.® Since most of the cases are drawn 
from periods 100—300 years ago, it takes 
some skill and understanding of the his- 
torical setting to make the case histories 
effective. An alternative method developed 
at Colgate University is to set up a “solved”’ 
problem for which the students may all 
know the answer, and then enlist student 
participation to work out the results anew 
from whatever data and information they 
The students find it diffi 
cult not to be influenced by the answer, but 


find necessary. 


it is still possible to engage in a high degree 


of scientific thinking. 


The Problems 

Of the problems currently in use in Core 
1, three are of the “unsolved” type which 
are the subject of continuing study. They 
are: 

How did the solar system originate ? 

What is the interior of the earth like? 

What was the origin of the Carolina Bays? 
From one and one-half to two weeks is 
devoted to each of these in the middle of 
the semester. Two other problems of the 
“solved” type occupy the remainder of the 
time. They are: 

What is the best explanation for celestial 
motions ? 

Why does the temperature of the air decrease 
as one goes to nigher altitudes? 

The first of these is one for which the stu- 
dents all know the accepted solution. Its 
treatment will be described in detail below. 
None of the students are familiar with the 
solution for the second of these problems. 
In the four weeks devoted to it a number 
of principles of physics are studied relating 
to hydrostatics, convection, properties of 
gases, radiation, heat, and kinetic theory. 
At the end, some application is made to 
meteorology in the vertical stability of air 

6 James B. Conant, On Understanding Science, 
Yale University Press, New Haven, Conn. 
(1947). James B. Conant, Editor, Harvard Case 
Histories in Experimental Science, Harvard Uni- 
versity Press, Cambridge, Massachusetts (1950, 
ff.). 
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masses. Before the credit for the course 
was reduced from four to three hours, two 
other problems were included. One, cen- 
tered on Mendeleyev, studied historically 
some of the steps in developing our present 
ideas of atomic structure, and the other 
sought for the source of nuclear energy re- 
Both 
fields are tremendous in scope and depth, 


leased in chain reactions. of these 
and to keep the exploratory point of view, 
there was time to follow the achievement 
of only certain landmarks in the develop- 
ment. 


Problem on Celestial Motions 

All entering college students have been 
given a fairly complete description of the 
solar system and its motions. But few if 
any of them would be able to reconstruct 
it from the available observations. In many 
general education science courses the his- 
efforts to work out this 
scheme is studied in some detail. An alter- 


tory of man’s 
native approach to this subject has been 
found which enlists more active student 
participation and does not require such ex- 
tensive preparation in the history of astron- 
omy on the part of the instructor. 

The problem is presented by the question, 
“Does the earth travel around the sun, or 
the sun around the earth?” To the student 
this is no problem. He has been led to 
delieve that all the celestial motions have 
been worked out by the experts to a high 
degree of accuracy. The instructor con- 
cedes this, pointing out that the student has 
been deriving his knowledge from an 
accepted authority, an essential part of edu- 
cation especially at the lower levels. But 
that is not the way knowledge is originally 
obtained, he explains. It must be gradually 
built up and figured out in ways which can 
seldom be predicted. He then proposes 
that the students put aside, temporarily, 
their reliance upon the experts, and en- 
deavor as a class activity, to work out a 
solution to the question themselves. They 
may be able to make some of the needed 
observations directly, though there should 


be no objection to accepting observations 


1 


i 
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from sources with better equipment and 
can be 
and frequently are independently verified. 


more time, for these observations 


But all inferences, proposed mechanisms, 
hypotheses or conclusions derivable from 
the observations will be made in class and 
not borrowed from others. 

After a preliminary discussion about the 
sphericity of the earth, the obvious first 
step is to agree upon what the motions are 
which need to be explained. Here most 
students are hazy. To promote the ob- 
servational attitude they are asked to sketch 
portions of the night sky and horizon at 
the four points of the compass, and repeat 
these sketches from the saine vantage point 
about 30 minutes later. Few sketches turn 
out accurate, but a synthesis of results for 
the entire class will show the systematic 
apparent east-to-west rotation of the entire 
sky or “celestial sphere” about the earth 
as a center. To explain this hour-by-hour 
motion two assumptions or hypotheses can 
be used. Either the entire sphere is actu- 
ally revolving around the earth, or the earth 
The 
difficult to visualize 
mechanically but it would be more accept- 
able if it had the confirmation of some de- 
ductive test. 


is rotating in the opposite sense. 


latter idea is less 


A rotation of once a day is 
hardly enough to make a person dizzy. It 
might show up, though, in certain situations 
where moving bodies are partially free of 
the earth for limited periods. Here the 
students read about various deflection ex- 
periments, and they see a Foucault pendu- 
lum change direction in the afternoon 
lecture. This confirms qualitatively the 
hypothesis of the rotating earth. 

The period of this rotation seems to be 
about 24 hours. It makes a good labora- 
tory project for some students to determine 
this time more precisely. On successive 
nights they can watch and time a bright star 
disappearing behind the edge of a building 
when viewed from a fixed location. Their 
precision may not be high but they are con- 
vinced that the period is shorter than 24 
hours. 
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PROBLEM 


The next step is to consider the left-over 
motions not fully accounted for by the spin 
of the earth. The most noticeable is that 
of the moon (though many city-bred stu- 
dents are ignorant of it) which nightly 
shifts eastward about 13°, taking 271% days 
to return to the same position in front of 
the background stars. On star maps in 
their manual the students plot several posi- 
tions of the moon, and current data from 
the American Ephemeris can also be sup- 
plied. It is a natural inference that the 
moon revolves around the earth once in that 
period, although no simple confirming test, 
like the Foucault pendulum, is available. 

The sun also shifts relative to the back- 
ground stars, about one degree a day. This 
is not directly observable but can be in- 
ferred from various observations, such as 
the 4-minute difference between the periods 
of sun and stars, or the changing pattern 
of stars setting after sunset. By analogy 
with the moon, the Lypothesis is proposed 
that the sun likewise revolves around the 
earth with a period of one year, in an orbit 
inclined some 23° to the celestial equator. 

Sometimes a clever student suggests that 
the earth should be assumed to revolve 
around the sun once a year instead. A com- 
mon answer of the instructor is that such a 
scheme should certainly be investigated, but 
the student made no such proposal with re- 
gard to the moon and it is sensible to follow 
through the most obvious and _ plausible 
hypothesis first. 

Attention is next directed to the planets 
whose motions upon the celestial sphere 
are not uniform like those of the moon and 
sun. They progress eastward most of the 
time but at certain intervals they appear to 
stop and move westward, then move east- 
ward again. The character of these retro- 
grade loops is made clearer to the students 
by having them plot the paths on polar 
coordinate paper. Successive telescopic 
photographs of Mars and Venus are ex- 
amined. These show not only large and 
progressive changes in apparent diameter 


but phase changes as well. If one discounts 
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the thought that they are pulsating in size, 
it is evident that they must change their 
distance from the earth by large amounts. 
The large thin cresent images of Venus 
which are seen near the middle of its retro- 
grade motion, together with the fact that 
Venus never is seen more than 48° from 
the sun, suggest that Venus is circulating 
around the sun while the sun is traveling 
about the earth. A home made model helps 
to illustrate the arrangement. 

\ similar scheme for Mars, except that 
it loops the earth as well, is shown to 
account quite adequately for its change in 
appearance as well as its retrograde motion. 
So with the proper choice of relative dis- 
tances and periods, all the planets can be 
pictured as circling the sun which in turn 
carries them around the earth. This model, 
it might be pointed out, is quite different 
from the old Ptolemaic system of epicycles 
and deferents. 

Here the students are baffled. They are 
confronted with a scheme which apparently 
is consistent with all the positional obser 
vations and yet it is contradictory to what 
they were formerly taught and have firmly 
accepted. A few timidly wonder if they 
had it wrong all the time! But the instructor 
warns that they do not yet have sufficient 
evidence to transfer the model from the 
status of a hypothesis to that of an accepted 
theory. Other observations must be sought. 
Furthermore the whole scheme must square 
with what we know about the behavior of 
bodies and how they influence each other, 
i.e., dynamics. Here gravitation is assumed 
as an experimental fact, and is proposed as 
the force which keeps these bodies from 
moving off into space on tangent straight 
lines. It is also explained (by using a 
demonstration) that one body never re- 
volves about the exact center of another. 
Rather they both revolve about their com- 
mon center of mass. On this basis, and 
without the use of equations, the provisional 
scheme of the earth being the center can 
be shown to be contrary to simple laws of 
dynamics. That is, if the planets are to 
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follow paths centered close to the sun, the 
earth must exert little influence upon them 
and hence be much less massive than the 
sun. If that is so, the center oi the earth- 
sun system must also be close to the sun, 
which requires the earth to revolve around 
a point close to the center of the sun in- 
stead. 

This contradiction requires substantial 
revision of the initial hypothesis, although 
the parts describing the rotation of the 
earth and revolution of the moon are un- 
affected. 
different explanation for retrograde motion 
of the planets and the result is the familiar 
heliocentric system. 


It becomes necessary to find a 


Finally there are two 
critical deductive tests, aberration and stel- 
lar parallax, both due to motion of the earth 
in its orbit around the sun. These last 
effects have been observed but are extremely 
minute, of the order of a few seconds of 
are or less, and historically were not in- 
fluential in the acceptance of the heliocentric 
system. 

After spending three or more weeks 
wrestling with various phases of the prob- 
lem as sketched above, the students are 
then asked to read something of its history. 
Although this review is sketchy, there is 
opportunity to discuss Aristarchus’ insight, 
why his ideas failed to be accepted, Coperni- 
cus revival of the heliocentric approach, 
Tycho Brahe and why he rejected Coperni- 
cus’s new scheme, and Galileo’s and 
Kepler’s important contributions which 
culminated in Newton’s mathematical syn- 
thesis. The prediction and discovery of 
Neptune and Pluto serve both to give ad- 
ditional confirmation of the heliocentric 
theory, and to show how some discoveries 
are made in science. Students have‘ indi- 
cated in various ways that such a historical 
summary, after they have grappled with 
the problem themselves, is both interesting 
and valuable. 

Good sources for student reading in this 
problem have been difficult to locate, so 
the amount of material in the student 
manual has been gradually expanded. Par- 
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ticularly helpful are several specially drawn 
charts and diagrams. The most useful 
text, besides those for historical references, 
has been J. B. Sidgwick and W. K. Green, 
The Heavens Above, Oxford University 
Press, New York (1950). Globes, a coe- 
losphere, celestial sphere, models of plane- 
tary motions from both geocentric and 
heliocentric viewpoints and other devices 
for classroom use have aided the students 
greatly in their three-dimensional visuali- 
zation of the celestial motions. 


Evaluation of Student Achievement 

Formulating suitable questions for tests 
and examinations, whether of the objective 
or free-response type, is the greatest head- 
ache of teaching a course which asks a good 
deal more of the students than remembering 
a body of organized knowledge. In a 
very real sense, the students recognize as 
the empirical objectives of a course, those 
mental tasks they are called upon to per- 
form for grading purposes. The problem 
approach is used in the hope that students 
will gain a better understanding of what 
scientific thinking is like and how scientific 
problems can be or have been solved. The 
memory of what some of the steps were, in 
a problem discussed in the course, is of some 
value, but the ability to recognize such steps 
in an unfamiliar situation is a surer test 
that the course has been a living experience 
for the student. 

Accordingly, test questions are used 
which ask the students, for example, to 
decide whether given statements are fact, 
opinion or hypothesis; or whether a fact 
supports one, the other, both, or neither of 
two competing hypotheses. In reference 
to historical material, questions depend less 
upon accurate memory of dates and events 
and more upon placing significant events in 
proper sequential relationship. Sometimes 
it is possible to present excerpts from a 
popular article on a scientific problem and 
test for recognition and understanding of 
important steps in the attack on the prob- 
lem, and how they are related. 
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Setween 30 and 40 per cent of testing 
time is devoted to free-response questions, 
requiring either brief statements or longer 
expositions. Here again, one of the ob- 
jectives of the course is that the students be 
able not only to think in critical and logical 
fashion, but to express these thoughts orally 
and in writing. This objective is further 
supported by asking each student to write 
one or more papers during the semester 
which are analytical in character rather 
than descriptive or expository. 

The degree to which scientific knowledge 
should be tested for directly has been a per- 
plexing problem. Students have been told 
that facts are not ends in themselves but 
means to the greater ends of understanding 
In the 
sarly years of this course it was felt that 


how scientific problems are solved. 


the testing emphasis should be directed 
almost entirely to the primary objectives of 
the course. Knowledge of needed facts and 
principles brought its own reward, because 
problem or “thought” questions could not 
be answered correctly without sufficient 
knowledge. 
that the exams were tough, but that it did 


Sut the students felt not only 


no good to study for them. 

To meet this criticism, there has been, 
in recent years, an increase in the percent- 
More 
students are conceding that a study of con- 


age of recall questions in the tests. 


tent, not miscellaneous facts but relation- 
ships and concepts, is valuable. Instead of 
asking students directly to apply their 
knowledge to an unfamiliar situation, they 
are asked first to display their knowledge 
and then to apply it if they can. 

There has been another means of evalu- 
ation of a more general character since the 
core curriculum was put into effect. Toward 
the end of the sophomore year, all students 
have been given a “Sophomore General 
Examination” as a measure, beyond course 
grades, of their progress in general educa- 
tion. Some of the objective tests in this 
examination have been the same as those 
given at entrance. One of those was the 
Cooperative Test in General Culture. This 
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test stressed factual knowledge to a higher 
degree than in the freshman and sophomore 
core courses, but it was used for lack of 
anything better. Inspection of the science 
section of this test showed that about 75 
per cent of the items were factual recall 
over wide areas of science. It was not ex- 
pected, therefore, that the sophomores 
would show much improvement over their 
performance at entrance, if the science 
courses they took were restricted in cover- 
age and de-emphasized such recall. The 
results of using this test for four years is 
most simply summarized as follows. The 
entrance scores were converted to per- 
centiles on the basis of the national norm 
for sophomores. The average percentile for 
these entering groups was 46. Upon the 
same norm the average percentile at the 
end of the sophomore year was 76. There 
is no doubt that other science courses taken 
by the students contributed to this gain, but 
this could hardly account for all of it. It 
can hence be concluded that the students 
do add to their science knowledge from 
courses which do not stress the memory of 
this knowledge. 

In recent years the Cooperative General 
Culture Test has been replaced by several 
tests developed by the Cooperative Study 
of Evaluation in General Education, of the 
American Council on Education.‘ The test 
used in science is called, “A Test of Science 
Natural 
It contains 50 items 


Reasoning and Understanding 
Sciences, Form C.”* 
which are based upon four or five passages 
which the students first must read. The 
general knowledge assumed is that which a 
college freshman would be expected to have 
at entrance. The questions ask students, 
for example, to recognize whether state- 
ments quoted froma passage are statements 


7 Paul L. Dressel and Lewis B. Mayhew, Edi 
tors, General Education: Explorations in Evalua- 
tion, American Council on Education, Washington, 
D.C. (1954). 

8 This form and Form D, in Natural Science, 
and two similar tests, one in Physical Sciences 
and one in Biological Sciences, are all available 
from Educational Testing Service, Princeton, 
New Jersey. 
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of a problem, a hypothesis, a test of a 
hypothesis, a conclusion, etc. Other ques- 
tions ask them to recognize valid procedures 
for finding scientific answers to problems. 
In general, this test is in much closer har- 
mony with the objectives of many of the 
newer types of general education courses 
in science. Colgate University was one of 
some 16 colleges and universities which 
were represented on the committee which 
developed these tests. 

Experience in the use of this test of 
science reasoning is summarized in the 
table below. There was no opportunity to 
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ties this test measures. It is also gratifying 
to note that the average gains shown in the 
table are substantially greater than the 
average gain for 790 students in six colleges 
of the Cooperative Study, which was 3.37 
points on a similar Form A of the test.® 
Finally, the table shows that when one 
section of Core 1 is composed of students 
selected from the top 10 per cent of the 
class in overall ability, and taught by an 
instructor who is in sympathy with the 
objectives of the course, the gain can be 
larger than for any other group. This 


experience has been the same when the test 


EXPERIENCE WITH A.C.E. Test or NATURAL SCIENCE REASONING AND UNDERSTANDING, Form C at 
COLGATE UNIVERSITY 


Class of 1956 
Mean Scores 


Class of 1957 
Mean Scores 


At Sophomore At Sophomore 

Group taking : No. Entrance Gen. Exam Gain No. Entrance Gen. Exam Gain 
Core 1, not Core 2 23 25.26 34.52 9.26 17 27.11 35.41 8.30 
Core 2, not Core 1 28 26.57 35.57 9.00 21 26.04 2.61 6.57 
Both Core 1 and 

Core 2 130 27.18 3.71 8.53 204 27 .69 36.26 8.57 
Neither Core 1 

nor Core 2 51 27 .50 34.17 6.67 38 26.68 32.84 6.16 

Total 232 26.94 35.24 8.30 280 27 .39 35.47 8.08 

Selected section of 

high general ability 18 30.94 41.44 10.50 


provide any other comparative data on 
these groups, such as scholastic aptitude. 
Hence the interpretations of the gains, 
especially for the small groups, is difficult. 
It should be noted in passing that for these 
two college classes, wider privileges than 
at present were granted for substituting 
other science or mathematics courses in 
place of Core 1 or Core 2, if they were en- 
A.F.R.O.T.C. 
Hence a comparison group without either 


rolled in the Program. 
of the science cores is available. 

It seems clear that the maturing process 
of 20 months in college enables a student 
to make a higher grade when he repeats a 
test of this kind. 
and he has learned to read more carefully 


His vocabulary is larger 


and perhaps more critically. But the 
science core courses, even when taken a 
year before the retake, seem also to make 
an additional contribution to whatever abili- 


in Science Reasoning and Understanding— 
Physical Sciences, has been used as a pre- 
test for Core 1 and incorporated in the 
final examination as a posttest. 

Perhaps the ideal evaluation of the course 
described in this paper would be some 
measure of how a person’s attitude and 
way of thinking have been altered ten 
years later. But even if such an evaluation 
could be accomplished there is serious doubt 
that much would be discovered. One fifth 
of a person’s intellectual experience for a 
few months, even if vivid and arresting, is 
unlikely to survive in recognizable form 
after dilution by an additional nine years. 
However, the more subjective means of 
judging, by questionnaires and unsolicited 
testimony, indicate that many students have 
developed new comprehension of critical 


® Footnote 5, p. 128. 
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. 
thinking in science and have been surprised 
to find how generally successful in explain- 
ing the facts many “wrong” hypotheses are. 
They have also developed greater respect 
for earlier scientific efforts. 


AREAS OF DISSATISFACTION 

Anyone who has worked with a general 
education science course for ten years and 
has read of or visited others, is bound to 
have objectives and desires which go far 
beyond the limitations of time and facilities 
within which he is working. If both of the 
science courses, physical and _ biological, 
were expanded to one year each, the pres- 
ent staffs would find many uses for the 
additional time. They would add some 
problems and spend more time on certain 
of the present ones, allowing wider sampling 
of science areas. Students have sometimes 
complained that the present problems lie too 
much in the realm of theory. Some of the 
added problems could be more closely re- 
lated to practical affairs. At present, some 
small attention is paid to reading and 
analyzing current popular articles in sci- 
ence. This would probably be expanded. 

Little mention has been made of labora- 
tory work, for no regular laboratory meet- 
ings are scheduled. Some observational 
projects are now performed in the problem 
on the solar system, and others are being 
added. Once, during the problem on the 
atmosphere, the students attend a demon- 
stration laboratory containing several set- 
ups related to liquids and gases which they 
must study and analyze. If, in the future, 
more time and additional space were to be- 
come available, laboratory would doubtless 
be introduced as much as feasible in the 
present problems and added problems would 
be chosen with their laboratory possibilities 
in mind. There is no question that the 
laboratory, when properly used, is an effec- 
tive way to confront the student with a small 
portion of the real world. If its use is care- 


fully planned the complaint against cook- 
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book instructions carried out in a perfunc- 
tory manner can be successfully met.'° 

Whether any change will occur in the 
time allotment for these science courses is 
unpredictable at present. If it should take 
place, it is quite unlikely that non-specialists 
in science would be required to take more 
than one of them. Just as the problems 
now used are only samples of much larger 
areas of scientific knowledge, so are all re- 
quired general education courses only sam- 
ples of the total realm of knowledge and 
thought that we should like students to 
explore. Although anything approaching 
complete coverage is a chimera, it must not 
be assumed that these general education 
courses provide students with their last op- 
portunity in the area. If properly taught, 
they will open new vistas which the students 
can follow for the rest of their lives. 

1 C. L. Henshaw, “Laboratory Teaching in 
General Education Courses,” Am. J. Physics 22, 
68-75 (1954). 
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Triple divisible objective. Substage dia- 
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microscope. 
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Sturdy, standard-sized, with wide field, 
sharp vision. Excellent for nature study. 
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Write for literature to Dept. SE 
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THE ORGANIZATION, INSTALLATION, IMPLEMENTATION, 
AND ADMINISTRATION OF A COURSE IN PHYSICAL 
SCIENCE DESIGNED FOR GENERAL EDUCATION * 


CLEVELAND JAMES FRANKS 


Morgan State College, 


I. THE PURPOSE OF THE STUDY 
HIS project relates some of the ex- 
aides and problems encountered in 
developing a course in physical science de- 
signed for general education at the college 
level, and presents some of the materials 
used in the organization, installation, im- 
plementation, and administration of the 
course. It relates some of the experiences 
and materials used in (a) Experimental 
and (b) Controlled Groups in physical sci- 
ence courses and describes how a faculty, 
student body, and administrative officers 
worked cooperatively on the problems of 
general education science. 
Three specific questions had to be an- 
swered. They are: 


1. What are the types of situations, problems, 
and interests most likely to challenge the 
individual in the course of his living in a 
democratic society, and how are these related 
to our institutions and ways of living? 

What kinds of abilities and traits do we 

seek to develop in our students as we help 

them prepare for effective participation in 
our society ? 

3. What problems, abilities, etc. in Numbers 
1 and 2 could be incorporated in our psysi- 
cal science course designed for general 
education ? 


to 


II. PHILOSOPHY OF THE STUDY 

Many fine investigations have been car- 
ried on having for their purpose the de- 
termination of the content for a course in 
general education science'[1, 2]. These 

* Based on a project submitted to the Advanced 
School of Education, Teachers College, Columbia 
University, in partial fulfillment of the require- 
ments for the degree of Doctor of Education, 
1953. Paper presented at the Twenty-seventh 
Annual Meeting of the National Association for 
Research in Science Teaching, Hotel Sherman, 
Chicago, Illinois, March 30, 1954. 

1Tt is not possible to include here the compre- 
hensive review of the literature to be found in the 
original study. References (1) and (2) are 
representative. 


Baltimore, Maryland 


studies have been largely from the teacher's 
and administrator’s point of view, rather 
than that of the pupil’s [3]. Many of these 
studies have been concentrated on analyses 
of textbook or course of study content. In 
doing so, it seems, the fundamental problem 
of what the pupil thinks has been over- 
looked. Studies of the basic needs of pupils 
in approaching the study of science, and the 
adjustment of content to the varying inter- 
ests of different levels of maturity, seem 
to be more basic than statistical studies con- 
cerned with the agreement or disagreement 
of content in the current textbooks or 
courses of study [4]. 

General education, as conceived at Mor- 
gan State College, is that body of experi- 
ence the college feels obligated to provide 
for all students which will enable them to 
effect a satisfactory adjustment to the ordi- 
nary exigencies of life which all citizens 
must face. This institution believes, fur- 
ther, that this central objective cannot be 
achieved through courses and classroom 
controls alone, but that a broad association 
with all of the academic, cultural, aesthetic 
resources of the college community is indis- 
pensable. Above all, a Morgan College 
student must be granted every opportunity 
to share in the many facets of campus life. 
Whenever possible, the college must also 
exert its influence in aiding its students to 
intellectualize their many experiences in the 
wider community of the City, the State, the 
Nation, and the World. 

The general objectives of the general edu- 
cation program at Morgan State College 
are: 

A. To provide opportunity and experience in 

the major departments of human knowledge 
. Humanities 
. Social Sciences 
. Natural Sciences 
. Communications 
‘o provide experiences in healthful living 
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C. To develop an understanding of social dy- 

namics and human relations 

D. To expand the concept of world mindedness 

E. To evolve a philosophy of living consistent 

with democratic ideas and demonstrated 
through action 

F. To develop a sense of values revealed 

through character. 

General education at Morgan State Col- 
lege may be thought of in still another sense, 
namely, that it is seeking an integrated type 
of educational experience. Such integration 
is being sought through two chief means 
—curricular designs that emphasize the 
integration of materials around a few domi- 
nant ideas or problems, and teaching meth- 
ods that provoke a student to relate 
continuously the different materials he is 
considering. 


III, PROCEDURES FOLLOWED 


A General Education Science Committee 
was appointed by the administration to 
study the problems pertaining to the organ- 
ization and implementation of general edu- 
cation science courses. This committee 
consisted of faculty members from the De- 
partments of Biology, Chemistry, Physics, 
and Science Education. The Chairman of 
the Department of Science Education was 
elected chairman of the General Education 
Science Committee. 

The Committee divided itself into two 
sub-groups : 

1. Those teaching the physical science survey 

courses, or chiefly concerned with the physi- 
cal sciences. 


Those teaching the biological sciences or 
biological science survey courses. 


tN 


During the first few meetings of the sub- 
committees, much time was spent study- 
ing the recommendations of the General 
Education Committee, studying what had 
been done in the physical science survey 
courses, and organizing the work so that 
each member of the committee could con- 
tribute something toward the goal. The 
chairman realized that full cooperation and 
participation were necessary for success and 
that some members of the committee had 
to be sold “Science for General Education.” 


The committee proceeded cautiously, 
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realizing that change im and of itself does 
not assure improvement. It was important 
to maintain a sense of continuity and of 
stability while making changes to meet the 
needs of students and the needs of society. 
These factors, however, should not be taken 
by teachers as an excuse for doing nothing 
as this would only lead to an increasingly 
ineffective school program. The real prob- 
lem then was not whether there should be 
change, but by what possible means could 
the most desirable results be achieved. 

Some of the criteria that were used by 
the Subcommittee that might be used in 
any locality as a basis for the evaluation of 
demands for the ideal change in the cur- 
riculum are: 

1. Does this proposed change lead from where 
we are to where we desire to be by the 
most effective means? 

Is the proposed change consistent with 

democratic values? 

3. Is the proposed change a reasonable area 
of activity for our school? 

4. Does the proposed change have or will it 
likely have the support of the administration 
and community ? 

5. Does the proposed change relate to the lives 
of the students so that more meaningful and 
useful experiences will be obtained? 

6. Would the change displace other curriculum 
areas of greater value to the students? 

7. Is there need for a structural change or 
merely a change in emphasis on some phase 
of the program? 


tw 


~ 


The committee studying the physical 
science program realized that an awakening 
among teachers of general education science 
in liberal arts colleges is long overdue. 

3ingham and West [5] reported these find- 
ings in 1948: 

The movement to provide an adequate orienta- 
tion in science for all college students is gaining 
momentum, especially in teachers colleges and 
certain private ones. There is need for much im- 
provement in this regard, however, especially in 
the junior colleges, the Negro colleges, and large 
universities. 

Fraser [6] recommended that the general 
education curriculum at Morgan State Col- 
lege be redesigned to provide a unified and 
broad background for all students. He 
stated that students should take two well- 
integrated courses in the biological and 
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physical sciences of six semester hours 
each as part of their program of general 
education.t 

The previous course in physical science, 
designated as Science 102, Physical Science 
Survey, was limited to three semester hours 
and was required of all non-science majors. 
Designed chiefly for freshman students, it 
was taken either the first or second semester 
of their first year at Morgan State College. 

The large number of freshmen not major- 
ing in chemistry, biology, or home eco- 
nomics made it necessary to have from six 
to eight sections of Science 102 each semes- 
ter with approximately 35 students in each 
section. The teaching staff consisted of 
members from the Departments of Chem- 
istry and Physics. 

The methods of instruction consisted 
chiefly of formal lectures with an occasional 
demonstration and covered subject-matter 
areas of astronomy, geology, meteorology, 
physics, and chemistry. Emphasis was 
placed on memorization of facts, and much 
specialized subject-matter was introduced 
in the course—especially in the area of 
specialization in which the teacher was most 
competent. 

The committee recognized these problems 
and proceeded to study ways and means of 
organizing and implementing a course that 
would better satisfy the needs and interests 
of students. Much experimentation and 
study were necessary and improvements 
were slow. 

In order to determine what could be done 
to improve our courses in general education 
science, the committee developed question- 
naires, conducted interviews with students 
and faculty members, and sought improved 
techniques of classroom instruction by ex- 
amination of recent literature pertaining to 
the subject. From these studies, an Experi- 

+ The program of general education at Morgan 
State College required that the student cormplete 
thirty semester hours in courses as follows: 
English, 12 hours; history, 6 hours; biological 
and physical science surveys, 6 hours; and health 
and physical education, 6 hours. Students major 
ing in biology, chemistry, or home economics 
were excused from science survey courses. 
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mental Course in Physical Science was 
developed. 


THE EXPERIMENTAL COURSE IN PHYSICAL 
SCIENCE 

The purpose of the experimental course 
was to determine which of two different 
types of courses was better for accomplish- 
ing the objectives of general education 
physical science at Morgan State College. 
The two courses involved were: 

1. The Physical Science Survey Course (the 
traditional physical science survey course of 
three semester hours). 

The Problem Area Course (the experimental 
course of three semester hours using the 
“block-and-gap” approach). 


to 


Students enrolled in both courses during 
the 1950-51 session were young men and 
women seventeen to twenty-two years of 
age. The proportion of men to women in 
each group was approximately 40 per cent. 
Five sections were involved in this study, 
and the class sizes were as follows: 

Section “A”—32 pupils—The Physical Science 

Survey 
Section “B”—28 pupils—The Physical Science 
Survey 
Section “C” 
Survey 
Section “D”—26 pupils—The Problem Area 
Course 
Section “E”—34 pupils—The Problem Area 
Course 


-30 pupils—The Physical Science 


All five of these sections were taught by 
the author. In addition to these, there 
were three other sections that were taught 
the traditional survey course in physical 
science. Students enrolled in the various 
sections were not informed that Sections 
“D” and “E” would be an experimental 
course in physical science. The majority 
of the students in the eight sections were 
freshmen, preparing to teach non-science 
subjects in secondary schools or pursuing 
the liberal arts curriculum for other pur- 
poses. Most of the students had completed 
the traditional general science and biology 
courses in their high school work, but very 
few had courses in chemistry or physics at 
this level. Approximately 70 per cent were 
residents of Maryland, with the neighbor- 
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ing states contributing most of the remain- 
ing number. 

The college program at this level was 
quite rigid, and most students took the 
same subjects, such as English Composi- 
tion, History, Health, Physical Education, 
etc. Therefore, the learning experiences 
in other subjects were approximately the 
same for the groups used in this study. 

The plan that was followed in this study 
consisted of three main steps: (1) the ad- 
ministration of the initial tests, (2) the 
application of the experimental and control 
teaching procedures, (3) the administration 
of final tests. Subordinate to these main 
steps was the equating of the pupils on the 
basis of two measures of learning potential, 
namely, the intelligence quotient and the 
initial test score. 

Close correlations existed between those 
in the experimental and control groups at 
the beginning of the semester. All five 
sections involved in this study were kept 
as nearly equal as possible in class size, 
number of class periods, illustrative mate- 
rials, references, and individual conferences 
with the instructor. The chief difference 
was the method of presentation and the 
nature of the content of each course. 

The controlled groups were given the 
traditional physical science survey course. 
This course was conducted on a time 
scheduled basis as follows: 


Unit in Astronomy...... ....3d weeks 


Unit in Meteorology and Geology.....3 
se Ne es EE er eer eer 6 
Se ee EES oh chccbage keeosnaad : | 


The initial semester’s work in physical 
science contained descriptive astronomy, 
meteorology, geology, chemistry, and phys- 
ics. An effort was made to integrate these 
units by describing the universe without 
using advanced mathematics, by showing 
the interrelationships of matter and energy, 
etc. The lecture-demonstration method was 
used most of the time in order to cover 
course content within the time limits set in 
the above schedule. 

The content for the Experimental Groups 
was not divided in accordance with any set 
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schedule or time limit for each “block” of 

work. The blocks were determined by 

teacher-pupil planning. 

The experimental course was chiefly a 
“Problem Area Course”; based on those 
problems students and faculty thought were 
most significant. The problems of the ex- 
perimental course were not studied in a 
prescribed order and there was no time limit 
set for each problem. Subject matter was 
used as a tool for understandings rathet 
than an end. Some of the problems con 
sidered in the experimental course are as 
follows: 

1. What is man’s present conception of tl 

universe ? 

2. What is the interior of the earth like 

3. How does science help our government e1 

force pure food and drug legislation 

4. How does physical science help my com 

munity prevent and extinguish fires? 

5. How can a knowledge of physical science 
qualify me to support intelligently the neces 
sary public services? 

6. How can physical science help me to choose 
suitable structural materials for my home: 

7. How can physical science help me to choose 
effective and safe antiseptics, dentifrices, 
cosmetics, etc. ? 

8 How can I heat my home economically 

preserve foods, select and care for clothing: 

9. How can physical science help our country 

to replace scarce essential materials needed 
for peacetime or national defense uses? 

Near the end of the first semester, a bat 
tery of tests were given to both the experi 
mental and controlled groups. The results 


were as follows: 


Experimental Group 
Test Class Average 
Cooperative General Achievement 
Test, Part Il 7912 
Fact, Theory, Misconception Test 8245 
Of the 82 pupils remaining in the physi 
cal science survey course (the Controlled 


Groups) the results were as follows: 


Test Class Average 
Cooperative General Achievement 
Test, Part Il 6646 
Fact, Theory, Misconception Test .6730 
This investigator thought these results 
were significant and asked that the two tests 
be administered to the noncontrolled groups, 
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Sections F, G, and H, which were taught 
the physical science survey course by other 
instructors. ‘The results for these sections 
averaged .6502 and .6677 respectively. 

At the end of the second semester, using 
a new experimental group and a new con- 
trolled group, there was a greater difference 
in the averages—and in favor of the Experi- 
mental Groups. If our evaluative instru- 
ments were valid and reliable (and we be- 
lieve they were), then the Experimental 
Course based on significant problems was 
a better course than the physical science 
survey course as taught at Morgan State 
College. 

A second year of experimentation with 
experimental and controlled groups was 
conducted to improve the new course and 
remove some of the obstacles found in its 
administration. Then a syllabus was de- 
veloped for the new course which was 
offered to all sections beginning with the 
school year 1952-53. 

The syllabus is the outgrowth of two 
years of intensive effort on the part of the 
staff to develop a course that will satisfy 
the general objectives as outlined in the 
program of general education science. Dur- 
ing this period, mimeographed lectures, out- 
lines, and demonstrations were prepared for 
use in the course. Numerous aids were 
employed. This material has been further 
revised and organized to form the basis of 
of the present syllabus in use. The syllabus 
outlines the possible subject matter, cites 
“indispensable” readings (as well as op- 
tional readings), and occasionally supple- 
ments the “blocks” with summaries, pas- 
sages, etc. No definite effort has been 
made to classify the course as to type, con- 
tent, or approach. We do not believe that 
it would fit comfortably into any one cate- 
gory. The students at Morgan State Col- 
lege require a “comprehensive” course as 
well as a “practical’’ one, in which they 
learn many skills that are useful in every- 
day living. The content is flexible and 


emphasis varies with national and interna- 
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tional events. For convenience, we may 
classify the course into two areas: 


1. Those areas of physical science that the col- 
lege community agrees that “every Morgan 
student should have.” 

2. That area, or areas, of physical science that 
the individual student wants for his own 
satisfaction regardless of what his class- 
mates are interested in. 


v 


The first area is the area that we can 
talk about and have already described to 
some extent; the second area is the diffi- 
cult one to discuss in detail. We simply call 
it “the individual activity” which is required 
of all students taking physical science. It 
may consist of doing one or more projects, 
reading books that the student is interested 
in, preparing a science notebook, or making 
something in the laboratory. The scope is 
so wide that its many activities have satis- 
fied practically all of the students taking 
the course. Students have reported that it 
is the most interesting part of the course. 

The more versatile members of the staff 
are able to set up situations within which 
his special-interest students will identify 
challenging problems. It may be argued 
that this is a proper procedure when the 
purpose is to educate for a career in some 
specialized area. Our reply is that we are 
to provide guidance for the student and to 
encourage and develop talent wherever it 
is found. Our chief purpose, however, is 
to set up situations within which the stu- 
dents may identify and deal with their per- 
sonal problems. In this case, selections of 
learnings to be sought and of materials to 
be used in the learning process are made 
with reference to the present interests and 
needs of the students. These will be dis- 
covered in the activities necessary to main- 
taining one’s place in the community and in 
the social organization. They include use 
of resources; advancement of industry; 
maintenance of personal and public health ; 
adjustment to customs, feelings, and folk- 
lore of people; and relations within the 
home and family, including love and court- 
ship, growth and development of children, 
and maturing and aging of adults. Success 
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in achieving these goals is closely related to 
the competence and interests of the science 
teachers offering the course. 


SUMMARY AND CONCLUSIONS 


This has been the story of how one col- 
lege faculty studied its curriculum in the 
light of its students’ needs for the purpose 
of improving the general education program 
of the college. Progress has been exceed- 
ingly slow at times and often discouraging, 
but it is now realized by most of those 
engaged in this program of general educa- 
tion that success depends upon the close 
cooperation of administration, faculty mem- 
bers, and student body. We are still not 
satisfied with our course in physical science 
designed for general education, but we are 
making progress. We feel that the course 
is an essential part of the intellectual train- 
ing and experience of the students in the 
general education area at Morgan State 
College and that it is receiving good re- 
sponse from them. We are encouraged 
with the outlook. 

Paramount conclusions of the project 
are as follows: 

1. Every community is unique in that its 
qualities are determined by its physical 
and biological features, the cultural heritage 
of its people, and by other variable factors. 
At the same time communities are similar 
in many ways. 

2. The college should be looked upon as a 
regional institution deriving its objectives, 
or purposes, or reasons for being, from the 
region, or community in which it serves. 

3. For most non-science majors, a different 
kind of course is needed from the special- 
ized courses provided in the various science 
departments. 

4. A single course in a single science is not 
enough to give an adequate perspective of 
the natural world to the educated mind of 
today. 

The “block-and-gap” approach is better 
than the superficial survey or diluted ortho- 
dox science course. 


nm 


6. The syllabus and outline for a course in 
physical science should be built around 
areas of living, rather than areas of sub- 
ject matter. 
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7. Student suggestions and criticisms can be of 
value in locating weaknesses in a program 
designed for general education science 

8. The implementation of a program in science 
for general education is far from simple, 
because there is no single method of satis 
fying all faculty members and all instruc- 
tors of the course as to the aims, objectives, 
methods, and materials to be used for th« 
course. 

9. Evaluation instruments and methods should 

consist of carefully constructed tests with 

both objective and essay type questions. 

In addition to tests, observations, inter 

views, projects, reports, etc. may be used. 

Formal and informal conferences provide 

the teacher with excellent opportunities for 

evaluation. Evaluative techniques should 
be employed both inside and outside of the 
classroom. 

The teacher should keep accurate records 

of the progress of each student. 

11. Committees and individual teachers of sci 
ence for general education should be con 
tinuously concerned with the evaluation of 
subject-matter, and with the methods, pro 
cedures, and. materials used in the cours« 

for the purpose of making further improv: 
ments whenever possible. 


10. 


In summary, these conclusions imply that 
the program of general education science be 
flexible enough to allow the teacher to 
capitalize on the special interests and ca- 
pacities of pupils, and to organize the work 
so as to encourage the individual to make 
his own particular contribution to group 
undertakings. 
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“EXPLORATIONS IN THE SCIENCES’— 
A PRELIMINARY REPORT * 


ABRAHAM 


RASKIN 


Hunter College, New York, New York 


N the fall of 1951 the Science Division 
l of Hunter College set up a committee 
to investigate the feasibility of formulating 
a course in integrated science in a general 
education program for students who were 
majoring in areas other than science. 

This is a report of the accomplishments 
of that committee to the present time. 

The Committee on Developing an Inte- 
grated Science Program for the Non-Sci- 
ence Major is composed of representatives 
of the following departments: Biological 
Sciences; Chemistry; Physiology, Health 
and Hygiene; Geology and Geography ; 
Physics and Astronomy; Anthropology ; 
Mathematics ; and Home Economics. 

The first meetings of the committee were 
devoted to discussions of the philosophy 
and purposes of general education and the 
role of science education in general educa- 
tion programs. In the light of these discus- 
sions, the committee then examined the 
present introductory offerings of the various 
science departments at Hunter, and made a 
study of a statistical report on the science 
course selections made by a large group of 
non-science majors. Using a statement 
prepared by the chairman as a: basis, the 
committee then proceeded to compare the 
practices of “traditional” education pro- 
grams with those of a hypothetical program 
based on general education principles 

At this point, the committee decided that 
it was prepared to devote its efforts in the 
direction of formulating a science program 
for a phase of higher education which is 
non-specialized and non-vocational and is 
suited to serve the common needs of all 


educated men and women. For the time 


* Paper presented at the Twenty-Eighth Annual 
Meeting of the National Association for Research 
in Science Teaching, Teachers College, Columbia 
University, Apri] 18, 1955. 


being, the committee is not concerned with 
individuals who have already elected to 
make their careers in scientific fields. 

The committee then drew up a set of 
guiding principles for use in preparing the 
integrated science program. A draft of 
these principles is presented below in some 
detail. 

At this point, the committee presented 
the results of its deliberations to a repre- 
sentative group of students. Six graduating 
non-science seniors were invited to a meet- 
ing of the committee. The students were 
previously provided with reading material 
on the general education point of view, with 
the set of committee minutes that sum- 
marized the tentative guiding principles, 
and with a series of questions around which 
a discussion could be centered. The general 
reactions of the students were quite favor- 
able. They expressed some concern about 
the background needed for the physical sci- 
ences portion of the course. They offered 
some suggestions for problems that might 
be incorporated into the course. They saw, 
as the committee did, some of the practical 
difficulties involved in making the integrated 
science program a part of the curriculum. 

The committee then went ahead to dis- 
cuss several specific problems that might 
be included in the integrated science pro- 
gram. A list of some of the problems dis- 
cussed is given below. The development of 
specific problems ; the selection of appropri- 
ate readings; the planning of laboratory 
sessions and similar activities; and the 
selection of problems and their sequence 
in the two-semester course occupied most 
of the committee’s time for approximately 
70 sessions. 

The committee also developed a plan 
of evaluation to accompany the proposed 
course. Some of the questions it hopes to 
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answer by this means are: Have we chosen 
proper objectives for our course? To what 
extent is the course contributing towards 
the attainment of our objectives? Can the 
same objectives be attained through the 
use of the present introductory courses of- 
fered by the individual science departments ? 

“Explorations in the Sciences” has now 
been given twice; and is now in its third 
cycle at Hunter College. 

The following materials will serve to give 
a more complete picture of the origin of the 
course and its present form. 
1. Objectives 

The subject matter, methods and learn- 
ing materials of Explorations in the Sci- 
ences have been so chosen that the student 
should acquire, in addition to a body of 
scientific knowledge, certain concepts, atti- 
tudes and motivations that will contribute 
to his growth as an individual and as a 
member of a democratic society. To this 
end, the program aims towards developing 
in our students the following : 


Primary 

1. An understanding of the nature of science. 
Many introductory and survey courses deal largely 
with the results of scientific investigation. We 
hope to stress the understanding of science rather 
than the memorization of undigested information. 
This aim may be achieved by a thorough study 
of a few, very carefully selected, problems in 
science, by the case history method, by other 
means, or perhaps by a combination of several 
means. 

2. An understanding of methods used by 
scientists. In this connection we should develop 
among other things, an understanding of how the 
scientist formulates his problem; how he selects 
certain aspects of a total situation to observe, 
measure and attempt to relate; how he devises 
his standards of observation and measurements ; 
how he devises his techniques and instruments ; 
how he sometimes attempts to generalize from 
the results of many observations; how he dis- 
tinguishes between different types of evidence; 
how he identifies and formulates hypotheses ; and 
how he recognizes when necessary and sufficient 
data are available to support a conclusion. This 
aim can probably best be achieved through ex- 
periences in the laboratory, by classroom dem- 
onstrations, and by studying how certain outstand- 
ing scientists have formulated and attempted to 
solve specific problems. 


3. An active intellectual curiosity, an openness 
of mind, a passion for truth, a respect for evi- 
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dence, and an appreciation of the necessity for 
free communication in science. An attempt should 
be made to show how these intellectual virtues 
have played a fundamental role in the rapid 
growth of science. It is hoped that these observa- 
tions will result in the application of these atti 
tudes to the students’ own intellectual activities 


4. An awareness of the fact that the boundaries 
of the categorised sciences are largely artificial. 
As scientists attack more and more fundamental 
problems, they uncover large numbers of rela 
tionships which transcend traditional subject 
matter boundaries. New sciences arise from 
these relationships between and among the older 
sciences as the latter’s concepts and techniques 
are refined and extended. This creates an in 
creasing need for specialization and its most 
modern development, group research, in which 
teams of investigators representing different areas 
work on a single problem from individual ap 
proaches. 


Secondary 

5. An appreciation of the unity of purpose in a 
program of general education. Our fundamental 
aim is to develop in our students the values, atti 
tudes, knowledge and skills that will equip them 
to live rightly and well in a free society. We 
cannot achieve this aim by the teaching of science 
alone. We must emphasize the fact that the 
intellectual values so useful in science are not 
the only values necessary to one’s full develop 
ment as an individual and as a member of society. 
Our students must develop also an appreciation 
and understanding of the other large areas of 
human endeavor—the humanities and _ social 
studies. 


6. An active concern regarding the application 
of their knowledge of science and its methods in 
the solution of some of the problems which face 
the citizens of a free society. For this purpose, 
our students will need to understand the relation 
ship between our society and technology and 
science. Society generally sets a problem by 
expressing a need or a wish. Applied science or 
technology, applying the fruits of basic science, 
attempts to find a solution which most effectively 
satisfies the need or desire of society. The citi 
zens of a free society, with well-developed atti 
tudes, habits and powers of evaluation, should be 
concerned that science and technology be directed 
towards constructive ends. 


7. An ability to view science in relation to its 
own past and to general human history. This, 
together with the presentation of the humanities 
and social studies, should result in developing in 
our students a more complete picture of the 
origins, current status and trends of our civiliza 
tion. We can contribute to the realization of this 
aim by including in the integrated science course 
some consideration of how the cultural, social and 
philosophical climates have influenced and been 
influenced by the scientific endeavors of man in 
various stages of his history. 
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8. An effective power of communication in 
science. The integrated course can contribute to 
this general aim of the curriculum by helping our 
students attain a degree of scientific literacy; by 
emphasizing the importance to the growth of 
science of precision in the description of phe- 
nomena and in other ways. 


9. An appreciation of the pleasure that can 
come from an understanding of the beauties and 
forces of nature. 


2. List of Problems Discussed by the Com- 
mittee 

Physical Science 

1. With what kinds of phenomena is the physi- 
cist largely concerned? How does he approach 
the problem of acquiring in understanding of 
physical phenomena ? 

2. What is the age of the earth? 

3. What are the sources of steel? 

4. What is the chemist’s view of matter? 

5. What is the chemical nature of the organic 
world? 

6. How are minerals identified? 

7. How do we know the shape, size, density 
and motions of the earth? 

8. How can the charge on an electron be 
measured ? 

9. How has the study of motion contributed to 
man’s understanding and conquest of nature? 

10. How does the physicist explain the inter- 
action of matter across empty space? 

11. What foundation supports the skyscrapers, 
bridges, and tunnels of New York City? 

12. What is the nature of atomic energy and 
how may it be used for the welfare of mankind? 

13. How is the structure of an organic com- 
pound determined ? 
Biological Science 

1. What is the nature of a living cell ? 

2. How does an organism survive in a con 
stantly changing environment? 

3. What are the origins and varieties of man? 

4. What is the origin of the living things we 
see around us today ? 

5. How does an individual develop from the 
fertilized egg? 

6. Are there true races of man? 

7. What is the role of water in the metabolism 
of organisms ? 

8. What is the mechanism of urine secretion? 

9. Why do individuals that are biologically re- 
lated resemble each other ? 

10. What phenomena underlie movement in 
living things ? 

11. What is the nature of life underlying its 
various manifestations in form? 

12. What is race? 

13. How does the heart operate as a pump 
sensitive to body needs? 

14. To what part of his environment is man 
sensitive ? 
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15. In what ways have changes in the mam- 
malian limb been of survival value in different 
habitats ? 

16. How can we account for the apparently in- 
exhaustible supply of nitrogen needed to fulfill the 
nutritional requirements of plants and animals 


3. Catalog Description of the Course 


Explorations in the Sciences 


132.1. 132.2—Explorations in the Sciences I-] 
Each: 6 periods (2 lec., 4 lab.) ; 4 credits 


A study of science and scientific methods 
achieved by a thorough analysis of selected prob- 
lems in the physical and life sciences, with 
emphasis upon the interrelations among the 
natural sciences and their relations to other 
branches of knowledge. The problems will be 
studied through discussion, lecture, demonstra- 
tion, and individual laboratory work. 

Students in the A.B. curriculum who did not 
choose the Science Group may satisfy their science 
requirement by taking 132.1 and 132.2. In 
132.1, the integration is developed largely around 
physical science problems; in 132.2, the integra- 
tion is developed largely around life science prob- 
lems. It is desirable that college required math- 
ematics be taken prior to, or concurrently with 
132.1. 


4. List of the Problems Currently Being 
Studied in the Course 


132.1 
1. What foundation supports tht skyscrapers, 
bridges and tunnels of New York City? 
2. What is the nature of matter? 
a. What is the nature of inorganic matter? 
b. What is the nature of atomic energy and 
how may it be used for the welfare of 
mankind ? 
c. What is the chemical nature of the organic 
world? 
3. How has the study of motion contributed t 
man’s understanding and conquest of nature? 


132.2 

1. How can we account for the apparently inex- 
haustible supply of the nitrogen needed to fulfill 
the nutritional needs of plants and animals? 

2. What phenomena underlie movement in 
living things ? 

3. How does the heart operate as an instrument 
sensitive to the changing needs of the body? 

4. What is race? 


5. Summary of Evaluation 
Used 


Techniques 


1. Detailed instructor diary for Problem 1 of 
132.2 

2. Student scores on examinations administered 
before and after studying Problems 1 and 2 in 
132.2. 
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3. Responses of several students in 132.2 to a 
pair of questions administered about a month 
apart, and dealing with methods of obtaining an 
answer to a problem in science. 

4. Responses of several students in 132.2 to the 
question, “Can you support the sequence in which 
we studied the various problems in ‘Explorations 
in the Sciences’, i.e., starting with geology, chem- 
istry and physics and going on to problems con- 
cerning living things ?” 

5. Compilation of the responses to the follow- 
ing question given as part of the final examination 
in 132.2, “We have not given to you, in any formal 
way, a statement of the specific aims of this 
course (132.2). Now that you have completed 
the course, can you state what you believe the 
purposes of this course to be. Please give your 
answer in the form of a series of statements.” 

6. Students’ appraisal of .132.1 and 132.2. 

7. Appraisal of 132.1 and 132.2 by three in- 
structors. 


6. Some Results of the Evaluation 


It is too early to summarize the results 
of our various evaluation techniques. Sev- 
eral results are, however, obvious. 
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1, All of the students who have taken Explora- 
tions in the Sciences have stated that the course 
was extremely worthwhile intellectually, and that 
their experience was a very enjoyable one. 

2. The instructors who have given the course 
have worked extremely hard. Their specific com 
ments regarding the course closely paralleled 
those of the students. 

3. The results obtained in the pre- and post 
test techniques and in parts of the final examina 
tions indicate that most of the students acquired 
a high degree of subject matter competence. 

4. The responses to the two questions on how 
to obtain an answer to a problem in science indi 
cated that most of the students had acquired a 
degree of sophistication in this area, too. 

5. The students’ formulation of the aims of the 
course given in response to a fina] examination 
question, were highly gratifying to the instructors. 

6. One or two of the students experienced some 
difficulty because the course readings consisted of 
reprints of original articles, translations of early 
scientific writings and similar material rathe 
than of traditional textbook assignments. 

7. Each semester of the course is now taught 
by a single instructor. Our committee is con 
sidering the possibility of having a specialist for 
each separate problem. 


THE DEVELOPMENT OF A GENERAL EDUCATION 
COLLEGE CHEMISTRY COURSE * 


LuTHER A. ARNOLD 


State Teachers College, Winona, Minnesota 


Background for the Study 

N early history the teaching of science 
Nf was initiated in harmony with the goals 
then established. Present first-year college 
chemistry teaching is remiss in keeping 
pace with the times. The President's Com- 
mission on Financing Higher Education in 
its report, “Nature and Needs of Higher 
Education,” (1952—p. 17), says “Liberal 
learning has. suffered from the growth 
of knowledge through specialization, until 


many an educator has surrendered the con- 


* Based on dissertation in Partial Fulfillment 
of Requirements for the degree of Doctor of 
Education, University of Florida, 1955. Presented 
at the Twenty-Eighth Annual Meeting of the 
National Association for Research in Science 
Teaching, Teachers College, Columbia University, 
April 18, 1955. 


cept of man as an educated being to the con 
cept as a specialized expert.” 

There can be no doubt that we are living 
in “the scientific age.” We might say that 
we are well into “the atomic age.”” Progress 
toward meeting contemporary needs has 
not been commensurate with the increased 
importance of general chemistry for all. 
B. Lamar Johnson in “General Education 
in Action,” a Report of the California Study 
of General Education in the Junior College 
(pp. 200-201) says: “Despite the potential 
value of science for all students, these 
courses are typically taught with major 
emphasis on materials useful to the few 
students who will continue in advanced 
work in the field of science.” Current teach- 
ing emphasizes the training for specialists 
and little emphasis is placed upon the needs 
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of the majority. In the words of the Presi- 
dent’s Commission referred to above, “To- 
day’s college graduate may have gained 
technical or professional training in one 
field of work or another, but is only inci- 
dentally, if at all, made ready for perform- 
ing his duties as a man, a parent, and a 
citizen. Too often he is ‘educated’ in that 
he has acquired competence in some par- 
ticular occupation, yet falls short of that 
human wholeness and civic conscience 
which the cooperative activities of citizen- 
ship require.” 

A need in our present dynamic society is 
to have the general college citizen under- 
stand about science, what it is, and how it 
operates. The influences of scientific and 
technological advances on all aspects of 
human endeavor have led to increased need 
for the maximum number of the members 
of our society to understand the principles 
and potentialities of these as they relate to 
daily living. A study of the situation dis- 
closes omission in satisfactory provision 
for the layman’s interest in scientific fields. 
It also shows that most of our present 
teaching of chemistry is done by instructors 
who are specialists, from texts written by 
specialists, and is geared toward specializa- 
tion. There undoubtedly is indication that 
present course content and methods are not 
in harmony with currently-accepted educa- 
tional philosophy and laws of learning. 


Purpose of the Study 


The purpose of the study is to develop 
philosophically a first-year general educa- 
tion college chemistry course which will 
serve the general education student as well 
as the specializing student. The course is 
based upon modern philosophy of science 
and education with emphasis upon objec- 
tive scientific thinking. 


Assumptions in the Development of the 
Course 
Four assumptions are made as a basis 
for the course, namely : 
1. That in our democratic society objec- 
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tive thinking based upon understanding of 
scientific principles relating to the structure 
and interaction of matter leads to a better 
life and should, therefore, be a part of the 
education of all. 

2. That the chief function of a general 
college chemistry course is to provide ex- 
perience in objective thinking regarding the 
structure and interaction of matter, espe- 
cially as it relates to life in our society and 
culture. 

3. That one learns most effectively when 
new learnings are associated with past ex- 
periences in such a way that is meaningful 
to the individual and when he sees that 
they may be used for the purpose of con- 
trolling, predicting, and testing future 
experiences, 

4. That a general education college chem- 
istry course should begin with atomic the- 
ory and be developed upon it. 


Criteria in the Development of the Course 


To select and organize content and ex- 
perience in keeping with these basic assump- 
tions, criteria were established. Applying 
the fourth basic assumption, those materials 
concerning the atom which were also in 
agreement with the other basic assumptions 
were considered. The criteria are: 

1. Relatedness—of each part to the basic 
assumption regarding the atomic theory, of 
each part to each other part, of each part to 
the importance chemistry plays in the life 
of the individual, and of each part to the 
past experience of the student. 

2. Flexibility and variability—in its pro- 
vision for individual differences and in its 
adjustability to environmental factors. 

3. Continuity—in its relation to logical 
sequence and dependence upon past experi- 
ence leading to new experience. 

4. Interaction — between students, _be- 
tween students and instructor, and between 
the student and his environment, leading 
to active participation. 

5. Motivity—in its provision for continu- 
ing interest which would lead to further 
study. 
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6. Harmony — with sound educational 
philosophy, with democratic processes, with 
modern philosophy of science, and with all 
that is known about the structure and be- 
havior of matter. 

7. Effectiveness—in developing objective 
thinking, in developing a practicable and 
usable philosophy of life, and in leading 
toward continuous improvement in man’s 
relation to his fellow man. 


Identification of Principles 

To ascertain that important aspects of 
chemistry were not overlooked, a list of 
statements relating to the structure and be- 
havior of matter was compiled from major 
sources. These were submitted to a jury of 
nine specialists in general education who 
are conversant with general chemistry and 
nine specialists who are college chemistry 
instructors conversant with general educa- 
tion. They rated them as to: 

A. Their suitability for any beginning 
college chemistry course. 

B. Their suitability only for students in- 
tending to specialize. 

C. Their suitability only for the general 
student taking chemistry as a_ terminal 
course. 

D. Their unsuitability for any beginning 
college chemistry course. 

Fifteen ratings were received, seven from 
the general education group and eight from 
the specialist group. Three hundred and 
seventy-six statements were judged to be 
essential. The groups of the jury were 
nearly unanimous in their agreement. These 
statements were then arranged in logical 
sequence according to the plan of the course. 

Space does not permit inclusion of the 
complete list of statements. The following 
may serve to illustrate the type used : 

Chemistry is a science dealing with the structure 
and change of all matter. 

Accurate observation and objective thinking are 
necessary tools in the study of chemistry. 

Physical properties are distinguishing features 
or characteristics of matter. 


The understanding of the structure and change 
of matter is best accomplished when correlated 
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with its make-up in terms of atoms, molecules, 
ions, and smaller parts. 

All matter is made up of particles (atoms, ions, 
molecules or combinations ). 

Che behavior of atoms and all chemical changes 
in matter are explained by using the three sub 
particles, electrons, protons and neutrons 

Radio-active isotopes are useful as tracers in 
the study of life processes. 

Most of the 100 elementary substances unite in 
various combinations to make up all matter in the 
universe. 

There are several hundred thousand different 
compounds known and many new ones are made 
er discovered each year. 

Formulas of all compounds show the number 
of atoms of each kind which are bonded together 
in the molecule or simplest combination of parti 
cles of that compound. 

When molecules of a liquid are given sufficient 
energy, their speed becomes great enough to 
overcome their attractive forces. They then go 
into the gaseous state 


lopical Outline of the Course 


1. Introduction 
A. Preliminary Concepts 
Meaning of Chemistry 
Chemistry in everyday living 
Observation and objective thinking 
=ssential Basic Concepts 
Material and methods of measurement 
. The metric system 
Physical and chemical properties 
Energy and its measurement 
a. Heat 
b. Light 
c. Electrical 
d. Kinetic 
e. Potential 
f. X-rays 


B. 


de WIND et WS DD ee 


Il. Discontinuous Nature of Matter 
A. Atomic Nature of Matter 
1. Kinds of matter 
2. Size of particles 
B. The Atomic Theory 
l. Positive and 
charges 
2. Atomic structure 
a. Electrons and electron orbits 
b. Protons 
c. Neutrons 
d. Other parts of atoms 
. Atomic force 


negative electrical 


2) 


4. Species of atoms 
a. Normal atoms 
b. Isotopes 
c. Symbols 
Mass measurement 
a. Atomic weights 
b. Gram-formula units 
c. Avogadro’s number 
. Atomic theory history (brief) 
a. Early Greek theory 


wn 
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b. Medieval theory 2. Group IV 
c. Modern theory a. Carbon 
; < . ae b. Silicon 
Ill. Radio-activity and Atomic Energy 3. Group V 
A. Alpha, seta and Gamma Emissions a. Nitrogen 
B. Nuclear Rearrangements b. Phosphorus 
C. Fission and Fusion ' ' 4. Group VI 
D. Matter and Energy Relationships a. Oxygen 
E. Radio-active Isotopes b. Sulfur 
Se aa . aloe 
&- Stale ¢ oo Ssotopes 6. Inert gases 
3. Half-life 
4. Geiger-Mueller counter VI. Energy Effects on Atoms and Molecules 


5. Radio-active isotopes in practical use 


IV. Classes of Matter 

A. Elementary Substances 
1. Metals 
2. Non-metals and inert elements 
3. Metalloids 

B. Compounds 

C. Mixtures 

D. Heterogeneity and Homogeneity 


\V. Behavior of Atoms 
A. Periodicity of Atoms 


B. Metal Atoms C. 


1. Atomic bonds in metals 
2. 'Crystal structure of metals 
3. Types of metals 
4. Properties of metals 
a. Physical 
b. Chemical 
c. Electron affinity 
d. Activity of metals 
5. Alloys 
a. Types and structure 
b. Properties 
6. Metal ions 
7. Combination of metal ions 
a. lonic bond 
b. Stable electron shells 
. Oxidation and reduction 


© 


10. Metallurgical processes 

>. Non-metal Atoms 

. Types and resemblances 

. The covalent bond 

Non-metal ions 

a. Formation 

b. Electron 
ions 


~ 
WN = 


attraction in non-metal 
4. Complex ions 
5. Molecules 
a. Structure 
b. Constancy of numerical ratio 
c. Kinds 
d. Formulas 
e. Equations 
6. Crystal structures 
7. Coordinate-covalent bonds 
8. Polarity 
9. Oxidation state 
10. Types of reactions 
D. Typical Non-metals 
1. Hydrogen 


Electrolysis C 


] 


+ Ww ho 


a 


6 


A. Vibration of Particles 

B. Physical States of Matter 

. Kinetic energy—motion of 
. Solids, liquids, and gases 

. Energy and the change of state 
. Colligative properties 


particles 


a. Vapor pressure 

b. Osmosis 

c. Boiling points—freezing points 
d. Viscosity 

Sublimation 


. Decomposition and combination 


Pressure, volume and temperature rela- 
tion of gases 


1 


un & Ww bo 


6 
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5. 
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2 
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*- 
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. Temperature measurements 


Pressure measurements 


. Standard conditions 

. Molar volumes 

. Molecular weight determinations 
. Van der Waal’s forces 

. Real gas behavior 


Ideal gas laws 


. Carbon and Carbon Compounds 
A. Carbon Atoms 
B. Forms of Carbon 

. Diamond 

. Graphite 

. Lampblack 

. Bone black 

-arbon Compounds 


Carbides 
Oxides of carbon 
. Hydrocarbons 
a. Petroleum and coal products 
b. Saturated and unsaturated hydro- 
carbons 
c. Cyclic compounds 
d. Oxidation of hydrocarbons 
. Molecular synthesis and 
ments 


rearrange- 


a. Photosynthesis 

b. Industrial preparations 
Organic functional groups 
. Molecular isomers 
Carbohydrates 

Fats 

. Proteins 


VII. Water and Solutions 
A. Special Properties of Water 
. Physical properties and abnormal be- 


havior 
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? 


. Solutions 
a. Solvents 
b. Solutes 
3. Water in life processes 
4. Water purification 
B. Reactions of 
Water 


Molecules and Ions in 


1. Structure of the water molecule 

2. Polar solvents 

3. Non-polar solvents 

4. Dissociation of some substances in 
water 

5. Separation of ions from solution 

6. Mathematical relations between ions 


in solution 
7. Colloids 
C. Acids, Bases, Salts and Equilibrium 


1. Relative strength of acids 

2. Control of proton concentration 

3. Relative strength of bases 

4. Neutralization 

5. Salts 

6. Polyprotic acids and polyhydroxide 
bases 

7. Acid salts and basic salts 

8. Amphoterism 


9. Complex ions in water 
10. Electrolysis of ionic water solutions 
D. Temperature Effects on Solubility 


—_ 


=. Effects of Solute on Physical Properties 
of Solvent 

F. Special Factors Effecting Change and 

Equilibrium 

l. Types of reactants and products 


2. Concentrations of reactants and 
products 

3. Temperature change 

4. Light effects 

5. Catalysts 
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Conclusions and Suggestions for Further 
Study 

The conclusions of the study are incor- 
porated in the course that was developed. 
This course was designed to meet the criti- 
cism referred to in the background of the 
study. 

The study brings to our attention several! 
areas which may be worthy of further study. 
A few of these are: 

1. Evaluation of the proposed course in 
practice. 

2. The preparation and qualifications of 
college instructors in general chemistry 

3. The practice in many colleges of em- 
ploying graduate students as teaching assist 
ants whose interest may not lie in teaching 

4. Teaching loads and other responsibili 
ties assigned to general chemistry instruc 
tors and the effect on teaching. 

5. The role of the laboratory. 

6. The influence of testing practices as 
they affect objective thinking. 

If first-year college chemistry is to make 
greater contributions in satisfying the gen- 
eral education ends of all students, it 
would appear that the whole field should be 
critically investigated. Such investigation 
would be in harmony with the philosophy 
of science which science instructors should 


prome te. 


A COMPARISON OF THE BIOLOGY INTERESTS OF TENTH 
AND ELEVENTH GRADE PUPILS WITH A TOPICAL 
ANALYSIS OF HIGH SCHOOL BIOLOGY 
TEXTBOOKS * 


Sam S. 


BLANC 


Gove Junior Séhool, Denver, Colorado 


I. Problem 


S a part of the class evaluation in 
Biology, an attempt was made to 
compare the expressed interests of pupils 
who had almost completed the full year of 


* Paper presented at the Twenty-seventh Annual 
Meeting of the National Association for Research 
in Science Teaching, Sherman Hotel, March 30, 
1954. 


Biology offered at East High School with 
the topics emphasized in current textbooks 
in Biology. In order to find how closely 
the interests of these pupils ranked in com 
parison to the topics in the textbooks, a 
two-part study was carried on. First, the 
main topics found in Biology textbooks 
were surveyed. ‘Second, the interests of 


pupils in these topics were determined. 
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Il. Procedure 

Ten current textbooks (revised dates 
from 1946 to 1951) were selected at ran- 
dom from the texts available in the Den- 
ver Schools and the University of Denver 
libraries. Texts organized on a natural 
or systematic basis and on a life function 
or integrated basis were both included in 
the survey. Each text book was analyzed, 
page by page, to determine the topics in- 
cluded. These were studied to determine 
the emphasis given to each by the authors, 
and the frequency of occurrence in the 
various books. 

It should be emphasized that only a gen- 
eral analysis was made of each textbook. 
No attempt was made to evaluate the effec- 
tiveness of the presentation, the accuracy of 
the material, or the other factors of impor- 
With a ran- 


dom selection and a general survey of each 


tance in judging a textbook. 


text, it was felt that adequate information 
as to topics stressed by authors would be 
found. 

Ninety-two topics were found to be gen- 
erally stressed in the books surveyed. These 
were ranked in the order of emphasis given 
to them on an average. A questionnaire 
was prepared on these topics. Tenth and 
Eleventh grade pupils in the second semes- 
ter Biology classes were asked to check 
this questionnaire as to their interest or 
lack of interest in the topics listed. 

In order to reduce the load of tabulation, 
the questionnaires were sorted at random 
from the total group so that the following 
evenly-matched distribution was available : 


Boys 60 Girls 60 
Eleventh Grade 60 Tenth Grade 60 
“A” pupils 30 “B” pupils 30 
“C” pupils 30 “D—D” pupils 30 


The interpretation of the results was 
based on the difference in percentage be- 
tween the YES and NO checks. 
omitted or those marked in the UNDE- 
CIDED column could not be given any 


Those 


real interpretation. To determine the items 
in which pupils in the sample were most 
interested and least interested, the direction 


and amount of this difference was computed 
The statistical procedure was based on a 
method developed earlier for another study 
of student interests.’ 

Because in any study of this type some 
items on the questionnaire are marked so 
that there is no statistical significance, the 
report will deal only with those topics in 
which pupils expressed a definite lack of 
interest, or a definite positive interest. It 
should be remembered in glancing at the 
graphic representation of some of these 
results that the bars for each category sim- 
ply indicate a linear direction of interest. 
The longer the bar to the right, the greater 
the positive interest; the longer the bar to 
the left, the greater the negative interest. 
However, it can not be assumed from this 
type of study that a bar twice as long as 
another denotes twice as much interest. 

Of particular interest was the analysis of 
the relationship of the expressed interests 
of each of the four pupil-mark groups, those 
pupils receiving an “A” in first semester 
Biology ; those receiving a “B”; those re- 
ceiving a “C”; and those receiving a “D”; 
to the topics emphasized in the textbooks. 

The following table deals with the topics 
receiving such number of checks as to give 
a result which was statistically significant. 
The rank of the topic, as averaged from the 
textbooks surveyed, is shown in Column I. 
The topic is listed in Column II. The de- 
gree and direction of negative and positive 
interests for each of the four mark-groups 
is charted in Column ITI. 

To help distinguish between the four 
mark-groups, on the chart, the capital “A” 
is used to make the bar for the “A”’ pupils, 
the capital “B” for the “Bb” pupils, the 
for the “C” 
capital “D” for the “D” pupils. 


capital “C” pupils, and the 
Bars ex- 
tending to the right of the midline indicate 
a positive interest. Bars extending to the 
left show a negative interest. 

1Sam S. Blanc, “A Technique for a Statistical 
Interpretation of an Interest Survey Question- 
naire,” Journal of Educational Research, 47: 
223-27, November, 1953. 
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Rank in 


Textboc ks 


16 


16 


16 


16 


i. 


ww 


Te ypics 


Digestion of food in 
the body 


Mendel’s principles 
of inheritance 


Problems of human 
inheritance 


Evidence of change 
through the ages 


Physical factors of 
the environment 


Sense organs and 
senses in the body 


Nervous system and 
control of the 
body 


Organisms causing 
disease in man 


Reproduction in 
plants and animals 


Structure and func- 
tion of roots in 
plants 


Structure and func- 
tion of flowers in 
plants 


Blood and its func- 
tions in the body 


Ductless glands and 
functions in the 
body 


Using scientific 
names in classifi- 
cation 


Skeleton and mus- 
cles in the body 
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Degree of Interest 


BBBBBBBBBB 
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DDDDDD 
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BBBBBBBBB 


DDDDDDDDDDDD 
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AAAAAAAAAAAAAA 
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59 


59 


Heart and circula- 
tion in the body 


Detailed study of 
the grasshopper 


Effects of alcohol 
and drugs on the 
body 


30dy defenses 
against disease 
germs 


Darwin’s theory of 
the development 
of life 


Protective adapta- 
tions in various 
animals 


Balance of living 
things in nature 


Adaptations found 
in birds 


Waste products and 
excretion in body 


Structure and adap- 
tations of fungi 


Structure and adap- 
tations of mosses 


Structure and adap- 
tations of ferns 


Classification of 
various plants 


Personal health and 
hygiene 


Various diseases of 
the body 


Improvement of 
plants through 
breeding 


Structure and adap- 
tations of worms 


Structure and adap- 
tations of fish 
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Structure and adap- 
tations of am- 
phibia 


Vaccination and 
tests for immunity 


Antibiotics and 
chemicals in fight- 
ing disease 


Life functions of 
living organisms 


Structure and adap- 
tations of echino- 
derms 


Economic impor- 
tances of birds 


Vaccines and se- 
rums in control 
of disease 

Animal improve- 
ment by con- 
trolled breeding 


Various theories of 
evolution 


Structure and adap- 
tations of porifera 


Structure and adap- 
tations of fish 


Structure and adap- 
tations of birds 


Structure and adap- 
tations of mam- 
mals 


Study and dissec- 
tion of the cray- 
fish 


Structure and adap- 
tations of reptiles 


Organization of tis- 
sues, organs, and 
systems 


Economic impor- 
tance of fish 


Economic impor- 
tance of reptiles 
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III. Conclusions 
This study treated a very small sampling 
in one school in a large city school system. 
One must be cautioned not to draw too con- 
clusive results from such a limited sampling. 
However, within the limits of the sampling 
and the method used, certain interesting 
indications seem to be present: 
1. There was a consistent correlation between 
the emphasis given by textbook writers to 
topics found in a sampling of current Biology 
textbooks. 
2. There was no consistent correlation between 
the topics emphasized by authors and the ex- 
pressed interests of pupils in Biology II 


classes. 


~) 


7) 


. Regardless of how the data was treated, there 
was in most cases a high agreement between 
the various categories and groups of pupils, 
both on the Tenth and Eleventh Grade levels. 


[Vor. 40, No. 2 


+ 


. In most cases, the interest, or lack of interest, 
expressed in each topic showed a high correla- 
tion among the four mark-groups of pupils 

.In general, “A” pupils were most inclined to 
express interests in topics in agreement with 
emphasis by authors of textbooks. 

.In general, “D” pupils were least inclined to 
express interests in topics in agreement with 
emphasis by authors of textbooks. 


wn 


~ 


“I 


.The higher the grade received in first- 
semester Biology, the greater the number of 
positive interests were checked on the ques- 
tionnaires. 

No hard and fast conclusions should be 
drawn from this limited study. What may be 
true of this isolated situation may not be 


~ 


true in other schools and other cities. 


co 


. It would seem that it might be of value to 
extend such a study to all areas of science 
teaching on a nation-wide scale under the 
sponsorship of a national science teaching 
organization. 


SCIENCE IN NEW YORK CITY VOCATIONAL 
HIGH SCHOOLS * 


NATHAN CLARK 


New York City Board of Education, Brooklyn, New York 


A’ present, each of the Vocational High 
Schools operates as a partially auton- 
omous unit in so far as its courses of study 
are concerned. Science offerings vary from 
school to school and include high school 
chemistry, physics, biology and numerous 
applied variations of these to over 143 trade 
offerings. At present, the Vocational High 
School Division is reorganizing its curric- 
ulum patterns. Hereafter, all schools will 


offer similar training for any one trade. 


All students in the Vocational High 
Schools will take a science sequence. The 


courses will be closely related to occupa- 
tional training. In our society, it is espe- 
cially important that the technician, skilled 
mechanic and _ semi-skilled’ mechanic not 

* Paper presented at the Twenty-Eighth Annual 
Meeting of the National Association for Research 
in Science Teaching, Teachers College, Columbia 
University, April 18, 1955. 


only understand basic science concepts but 
be familiar with applications to his area of 
work. The increasing complexity of tools 
and processes as well as the changing char- 
acter of job specifications make it imperative 
that mechanics be prepared to adapt them- 
Related 
Science is one of the offerings which pro- 


selves to changing conditions. 


vides mental understanding essential to in- 
telligent work planning and execution. It 
also provides a base for greater adapta- 
bility to changing job requirements result- 
ing from technological developments. 

The Vocational High School Division 
offers either trade or technical training. 
Trade training is either for the skilled or 
semi-skilled areas. Technical training 
qualifies the student for work as a tech- 
nician or for entrance into engineering 


college. 
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ScIENCE PATTERNS 
Trade 
9th yr.—General Science 
10th yr.—Basic Science (Boys’ or Girls’) 
llth yr.) Related Science 
or 
12th yr. | Related Technology 


Technical 
9th yr.—General Science 
or 
Industrial Processes 
10th yr.—Physics or Chemistry 
llth yr. ee , fa 
om oe Applied Technical Science 
Specific Nature of Science Offerings 
1. Basic 10th Year Applied 


\ 


(Boys) 


Science 


A study was made of a number of boys’ 
trades. The science principles which were 
common to all of them formed the basis for 
the course. The course stresses physics 
concepts. A number of important chemical 
concepts are included. Trade and shop 
applications will serve to motivate and test 


understandings. 


2. Basic 10th Year 
(Girls ) 


d 1 pplied Science 

This course has been prepared to meet 
needs of girls who are preparing them- 
selves for living in a_ scientific world, 
managing a home, and preparing themselves 
for employment. 
to the 
medical and dental assisting. 


It provides concepts basic 


study of textiles, cosmetology, 

The major 
emphasis is on applied biology. Important 
concepts in physics and chemistry are also 


developed. 


Related Science 

In this course science concepts are applied 
to analyze or plan shop and trade problems. 

The content varies from trade to trade. 
Curriculum time devoted to it may extend 
through the 11th and 12th years or require 
but one term in that time. At present in- 
sufficient time is given to science for the 
television mechanic. Not all the time is 


required for a dressmaker. 
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Related Technology—11th and 12th Years 


This is an experimental approach. 
Science, math and trade sketching and blue- 
print reading are fused. 

Trade problems and plans are worked 
on with the required subject area time indi- 
cated by the nature of the problem. Some 
trades will require more stress on one sub- 
ject than another. In any one specific 
problem, there will be a definite subject time 
allocation. 


Technical Science 

Technical students have a four year 
science sequence. The courses vary from 
one technical area of training to another. 
Obviously, the chemical technician will re- 
quire courses distinct from the needs of the 
electronics technician. 

These students take either traditional 
physics or chemistry on the 10th year level. 
Advanced theoretical 
courses are offered in the 11th and 12th 


laboratory and 
years. In several different areas of train- 
ing advanced courses would include such 
titles as, Aero design, Structural Materials, 
Power, Industrial Design, Metallurgy, Sur- 
veying and Radio. Prior to graduation, 
technical diploma candidates are required 
to pass a New York State Technical Com- 
prehensive Examination. 


Resource Materials 

New York State has assisted with the 
development of many manuals. Funds have 
been made available for the employment of 
qualified personnel for this work. These 
manuals are for the teachers’ use. There 
is a lack of adequate pupil texts especially 
in the vocational-trade areas 
Teacher Personnel 

It is impossible to recruit the number of 


Although 


teachers with training in physics, chemistry 


qualified individuals required. 


or biology may teach general science and 
some may teach basic science effectively, 
engineers are required to do the most 
effective related science teaching. 

It would be helpful if teacher training 
institutions provided appropriate methods 
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courses for the teaching of basic and related 
subjects. At the present time, many out-of- 
license teachers are employed to teach the 
basic and related sciences. Their partial 
retraining is accomplished by 


chairmen and their own experiences in the 
vocational schools among which experiences 
are shop visits, talks to shop and related 
teachers and participation in conferences. 
Out-of-license teachers find the teacher re- 
source manuals especially helpful. 

It is hoped that the increasing salary 
schedule will ultimately result in the re- 
cruitment of necessary personnel. 


The Future 
For the first time, all schools will be 


following similar science programs. Com- 


in-service 
courses and through the efforts of their 
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mon experiences will be distilled to obtain 
the best practices. The coming years should 
see the resolution of most desirable syllabii 
for each of the sciences. An attempt is 
being made in the design of science facilities 
in new buildings to include elements which 
will permit flexibility to meet changing 
demands. 

Liaison is being planned with the Engi- 
neering Manpower Commission so that a 
closer relationship will be maintained be- 
tween industry’s needs for technicians and 
the type of training offered. The relation- 
ship of trade and technical commissions 
known as the Vocational Advisory Board 
will continue to help determine the training 
needs for the skilled mechanic and _ tech- 
nician. 


PROGRESS REPORT ON THE DEVELOPMENT OF THE 
GENERAL SCIENCE CURRICULUM PROGRAM IN 
THE PUBLIC SCHOOLS OF NEW YORK CITY * 


AtFrReD D. Beck 


Science Supervisor, Junior High School Division, New York City Board of Education, 
Brooklyn, New York 


T your meetings in Atlantic City in 
A 1950 and 1951, it was my pleasure to 
present to you the initial plans and premises 
upon which a twelve-year science program 
was to be developed in New York City’s 
public schools. It is even a greater pleasure 
to be able to report to you now at this meet- 
ing upon the progress that has been made 
at the 7th, 8th, and 9th grade level and to 
have my colleagues who supervise the teach- 
ing of science at the other levels present 
their reports to you in person. 

About this time a vear ago, we had 
reached a point where the report of the 
General Science Committee was ready to be 


published and implemented. Although the 


* Paper presented at the Twenty-Eighth Annual 
Meeting of the National Association for Research 
in Science Teaching, Teachers College, Columbia 
University, April 18, 1955. 


report presented a tentative outline of a new 
course of study, it was decided to set it in 
type and print it rather than to rely on the 
usual mimeographed format because we 
wished to make it easily available to every- 
one concerned for discussion and comment. 

The new course of study provides two 
units for the 7th grade: 


Unit 71—Getting Acquainted with Yourself 
Unit 72—Getting Acquainted with Your World 


three units for the 8th grade: 


Unit 81 
Supply 


Increasing and Improving Our Food 


Unit 82—Improving Our Clothing and Housing 
Unit 83—Making Work Easier 

and five units for the 9th grade: 
Unit 91—Speedier Transportation 


Unit 92—Improving Communication 
Unit 93—Our Atomic World 
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Unit 94 
Unit 95 


-Prolonging Your Life 
New Worlds to Conquer 

The basic minimum time on a 45-minute 
period schedule is two periods in the 7th 
year, two periods in the 8th year, and five 
periods in the 9th year. However, we per- 
mit and encourage the teaching of all of the 
7th and 8th grade units within a single 
school year which may be either the 7th 
or the 8th year (preferably the 8th year) 
with a time allowance of four periods per 
week. 


consider the subject a “major.” 


Under this plan, we find that pupils 


This arrangement also has the advantage 
of reducing the pupil-teacher ratio in the 
sense that both teachers and pupils have 
fewer personalities to deal with at a particu 
lar time. This plan reduces the number of 
preparations a teacher must make during a 
week. It also reduces the number of note- 
books and tests he has to rate and the 
number of marks he has to record. 

To achieve this plan a parallel program 
is made with Art, giving similar advantages 
to the teachers and pupils of this subject. 
The total time devoted to each subject re- 
mains the same over the three-year span. 
Teachers like this arrangement. 

We feel that the second innovation of the 
new course has great educational signifi- 
cance. Here at last is a general science 
course built around the life problems of 
people. The traditional, Aristotelian units 
of scientific subject matter have been cast 
aside and at the same time the tiresome 
dickering of specialists for more emphasis 
Note 


it is the obsolete compartmentalization of 


on their specialty has been silenced. 


science not the subject matter which has 
been discarded. This is the culmination of 
fifty years of effort by leading science edu- 
cators to create a course that meets the 
needs of general education. 

In the 1930's, when the first sincere at- 
tempts were made to break down the 
artificial boundaries between the sciences 
and thus to provide a generalized science 
course, the technique of exploring the en- 


vironment was employed. Nevertheless 


(GENERAL 


w 
sm" 
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these educators were predisposed to glorify 
the environment rather than to consider the 
Units on Air, Water, 
Energy, Bacteria, Food, and Reproduction 


needs of the pupils. 


were prepared along with units on Com- 
munication and Transportation and others. 
Teachers soon realized that while the Com- 
Units 


munication and Transportation 


focused attention upon two important 
problems of living, the other units dealt 
with a pot pourri of phenomena related in 
most cases to one another by a mere coinci- 
dence. Thus in the Air Unit of our old 
course of study (circa 1938) we found 
such odd bedfellows as the theory of flight, 
the production of sound, the causes and 
prevention of fire, and the respiratory 
functions of leaves, mammals, .and_ fish 
Why? Because in all of the above, air is 
employed in one way or another. 

The Air Unit described here is not an 
isolated instance. Similar incongruities 
may be found in the organization of the 
\ir Unit in many courses of study through- 
out the country. In the same way, if space 
permitted, it would be possible to show 
the artificiality of the Water Unit, the 
Energy Unit, the Food Unit, the Bacteria 


Unit. No 


one, save a scientific specialist, has any 


Unit, and the Reproduction 


initial interest in any of these units but each 
contains much that is of real concern to 
everyone. All along the best teachers have 
modified the official course of study to give 
it vitality and significance. But the strict 
conformists continued to teach from the 
printed pages of the course of study and 
the textbooks based thereon. A plateau had 
been reached and for this group no further 
progress could be expected until a new 
official “cook book” would be issued. The 
idea of disturbing the status quo does not 
appeal to this group for obvious reasons. 
Then came the atomic bomb. Suddenly, 
even the most vegetative among us realized 
that survival demands alertness to changing 
times; that there are no hard and fast 
boundaries between the sciences; and that 


in the whole world the problems of living 
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with change are the real concern of every- 
one, particularly educators. The general 
science course offers us a splendid oppor- 
tunity to prepare our pupils for successful 
living in this kind of world. 

Yet we cannot attempt to deal with every 
aspect of every vital problem. ‘The best 
we can do is to call attention to the most 
universal problems; indicate the scientific 
approaches to the solution; and provide 
some resource material to guide the teacher. 
We must depend upon the alertness and 
ingenuity of our teachers and their pupils 
to select the implementation most appro- 
priate to their needs and interests. 

The only requirement the new course 
imposes upon all teachers of science is that 
no unit shall be omitted. Each deals with 
a whole sector of vital problems which no 
one can avoid entirely in life. But within 
the scope of the unit, each teacher and class 
may decide together the emphasis they will 
give to it. The development of the sub- 
problems and related problems in the Red 
Hook District may be the same or quite 
different from their development in Harlem 
or Coney Island or any other district of our 
vast city. Still, we are confident that every- 
where within New York City and beyond 
its boundaries people will be concerned for 
many years with some aspects of problems 
such as: 

How do we learn about our surroundings? 

How accurately do our senses serve us? 

How can the methods of science aid our learn- 
ing? 

How are we affected by the air around us? 

Why is the use and conservation of water of 
concern to all? 

How do the movements of the earth affect us? 

What are the sources of our food supply? 

How can we increase our food supply ? 

How can we choose and use clothing wisely? 

How are dwellings made and serviced for good 
health and safety? 

How can available energy affect our standards 


of living? 
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How does an understanding of the form and 
composition of materials help us to discover new 
uses for them? 

How are infectious diseases fought? 

How do present methods of communication 
help people to understand each other better? 

How may we make a permanent record of 
events as they occur? 

Why is improved transportation important to 
us? 

How can continued scientific research better our 
lives? 

How is chemistry contributing to a_ better 
world? 

What does the future of science have to offer? 

How can scientific avocations make our lives 
more useful and enjoyable? 


It should be noted that among these prob- 
lems (only a sampling of the many sug- 
gested in the course) are those which have 
educational, vocational, and ethical guid- 
ance implications. Also note that the child 
will be taught to appreciate the importance 
of the scientific methods of discovery. He 
will be shown how to direct his leisure 
time activities and thoughts to creative and 
productive scientific hobbies. 

At present the task of implementing this 
course is being carried on in twelve pilot 
schools of different types in various parts 
of the city. These schools and others are 
kept informed of the progress being made 
through mimeographed bulletins, staff con- 
ferences, and inservice courses. Coopera- 
tive assistance is being given by other 
bureaus, departments, and agencies. The 
entire program is under the supervision of 
the Bureau of Curriculum Research. The 
plan calls for completion of the implementa- 
tion of the 7th grade units by June 1956, 
the 8th grade by June 1957, and the 9th 
grade by June 1958. Progress is being 
made according to schedule and if it con- 
tinues as well, the new course will be intro- 
duced into all New York City public schools 
by September 1958. 
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SUMMARY OF REMARKS 


TO NARST MEETING IN 


NEW YORK CITY ON APRIL 18, 1955 


SAUL GEFFNER 


Far Rockaway High School, Far Rockaway, New York 


HE chemistry syllabus in New York 

City up to about 1940 showed little 
change over the earlier syllabi which had 
been introduced as far back as 1910. The 
emphasis was largely on college prepara- 
tion and the course was predominantly 
descriptive in nature. Laboratory work 
consisted largely in a series of experiments 
done in rote manner, the results of which 
the student was aware of in advance of the 
experiment. 

Due to the impetus of the Second World 


War the syllabus became “war conditioned” 
and units were removed in place of those 
that contributed to a greater understanding 
of the 


Emphasis on fighting fire bombs, compo- 


chemistry of modern warfare. 
sition of explosives and the chemistry of 
war gases were some of the topics that were 
featured. 

The nature of the pupil population began 
to change sharply at this point. The im- 
portance of preparation for college de- 
creased somewhat in favor of a more func- 
tional approach to the subject. As a result 
a syllabus in functional chemistry called 
“applied chemistry’’ was developed. The 
general level of the so-called academic stu- 
dent also dropped considerably at this point 
so that the classical or college preparatory 
course became diluted. This dilution tended 
to reduce the course to one covering mini- 
mum essentials. Due to practices in feed- 
ing schools called “continuous progress” or 
“100 per cent promotion” the general level 
in the high schools continued to drop. 

With the advent of the Korean War and 
the growing emphasis on technology a com- 
mittee was set up to survey the entire 


science situation in New York State. Com- 


mittees for syllabus revision were nomi- 
nated. There is at present a syllabus in 
chemistry which is an outgrowth of the 
work of this committee and is being tried 
experimentally in a few schools. The new 
syllabus recognizes the advances in science 
and technology and has given them a 
prominent place in the organization of the 
course. The syllabus also de-emphasizes 
the minutiae of previous syllabi and stresses 
the “big ideas” such as the periodic table 
and the atomic theory. 

The educational pendulum is now be 
ginning to swing away from the needs of 
the slow learners and is beginning to recog 
nize the problems of the rapid learner. 
Under the influence of the School and Col- 
lege Study, college level courses for su 
perior high school seniors are now being 
offered in many secondary schools. Such 
courses provide an outlet for a more logical 
kind of acceleration but more important, is 
the fact that opportunities are provided for 
the rapid learners to work up to capacity 
during their supposedly least productive 
school year, the senior year. 

There are still a number of unanswered 
questions that should be considered in 
evaluating any syllabus in chemistry 

1. How can _ the laboratory period best be 
utilized? This question involves not only the 
matter of time but the content of the experiment 
as well. 

2. What methods of selection should be utilized 
to determine which students take the applied 
course and which will take the college prepara 
tory course? 

3. There has been a tremendous change in 
freshman college chemistry. To what extent 
shall the secondary schools be required to recog- 
nize these changes? The whole problem of inte 
gration between high school and college chemistry 
needs to be considered. 


a” 








SCIENCE IN THE 19TH CENTURY NORMAL SCHOOL * 


Louis I. 


KUSLAN 


New Haven State Teachers College, New Haven, Connecticut 


LL too often there rings forth on the 
A elementary school battlefront, an omi- 
nous cry that the teacher is woefully unpre- 
pared to teach simple science. To this is 
appended an earnest warning that the rapid 
growth of modern technology and science 
calls for unprecedented efforts to develop 
maximum scientific literacy. The alterna- 
tive to such action is certain doom. One 
facile proposal which will enable our society 
to “escape” disaster is an increase in the 
number of science hours imposed on the 
teachers college student. This approach is 
a favorite with college science departments 
which further guarantee success by empha- 
sis on the techniques of scientific thinking. 
No one, obviously, can learn all the facts 
and principles of science which he “should” 


know. He can, however, learn how to find 


the answers to his questions and to the 
questions which children will ask him, and 
by so doing, achieve a measure of scientific 
competency. By stressing the methods of 


science, science teachers will be able to 


* Based on a dissertation “Science in Selected 
Normal Schools of the 19th Century,” accepted in 
partial fulfillment of the requirements for the 
degree of Doctor of Philosophy, Yale University, 
1954. Paper presented at the Twenty-Eighth An- 
nual Meeting of the National Association for 
Research in Science Teaching, Teachers College, 
Columbia University, April 19, 1955. 

This study was limited to ten state normal 
schools in the four state area of New York, Con- 
necticut, Massachusetts, and Rhode Island; to 
the period from 1839 to 1900; and to the goals, 
methods, and content of the various sciences in 
these institutions. The method was a historical 
analysis of all pertinent materials which could be 
obtained. The investigator visited each institution 
and such libraries as the Widener of Harvard, 
Massachusetts Historical Society, New York 
State, etc. At the majority of colleges and at 
several libraries, he was able to find extensive 
manuscript and primary materials—student note- 
books, lecture notes, lists of apparatus, photo- 
graphs, and letters—which afforded him a rich 
supply of source materials. It was on these which 
the investigator leaned, rather: than on catalog 
data. Statements and conclusions are to be ap- 
plied only to the institutions studied. 


overcome the difficulties presented by lack 
of time for a thorough study of the sciences, 

These remedies which are thus sum- 
marized so briefly have merely been reno- 
vated, not newly invented. They were 
thoroughly tested by the 19th century nor- 
mal school which was also forced to grapple 
with the problem of generating student 
savoir-faire in science. Despite many 
superficial differences, there is this partic- 
ular link in outlook and endeavor between 
normal school and teachers college science, 
and the author has attempted to describe the 
normal approach to its science problems in 
the belief that the historical experience set 
forth may profitably be utilized today. 

To fulfill this aim, the writer, drawing 
upon extensive research, sought to answer 
four major questions: First, how much 
science was required in the normal schools? 
Second, what were they striving to accom- 
plish by these science requirements? Third, 
how did they manipulate the facts and 
principles of science to attain their goals? 
Fourth, were they successful in what they 
tried to do? 


The Theory of the Massive Dose 

For many years, compulsory science 
courses consumed from 20 to 40 per cent 
of all class time in the conventional curricula 
of the 19th century. The normal schools 
sought to realize their goals by means of a 
massive dose of science. Indeed, had they 
increased science time allotments any fur- 
ther after the middle sixties, they would 
have been closer in spirit to such scientific 
schools as Sheffield anc Lawrence than to 
teacher-preparing institutions. 

Even prior to the sixties. years during 
which few students remained ‘or more than 
a term or two, the sciences were accorded 
a place of honor in the curriculum. As 
early as 1839, Mr. Peirce, the principal of 
the first state normal school at Lexington 
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(Mass.), taught zoology, physiology, and 
natural philosophy to the brave handful of 
girls who were the first state normal class. 
Within the next few years, he worked his 
second and third term matriculants system- 
atically through the whole range of the 
sciences—from astronomy to zoology. 
Cyrus Peirce, and his successors for 
the next two decades, believed that science 
had become an accepted part of society and 
that the man or woman called to the com- 
mon schools should, as a matter of course, 
be exposed to the rudiments of the sciences. 
These pioneers did not conceive of the 
subject matter of the sciences as elementary 
school branches. Merely to train teachers 
for the common branches was as much of a 
task as the normals could permit themselves. 
Physiology was an exception, because the 
normal schools were anxious to make it 
part of the elementary school curriculum. 
Therefore, it was usually taught in the first 
term so that those who left after a few 
weeks or months would have been exposed 
to some of its precepts. Physiology was 
accepted both as a practical and a profes- 
sional- branch because it was thought to 
result in better student health at the normal 
school (an important consideration when 
term after term was marked by the death 
of students from such diseases as consunip- 
tion and typhoid fever), and in the common 
school soon to be presided over by the 
normalite. 
was expected to contribute to the attain- 


Moreover, the subject matter 


ment of the other goals of normal science. 
A factor conditioning the status of physi- 
ology seems to have been its acceptance 
by many common school teachers as part 
of their curriculum, long before any other 
areas of science were even advocated by 
normal school men for inclusion in the ele- 
mentary grades. 

Shortly after the Civil War ended, the 
curriculum was extended to two years, and 
in several states, the ambitious student was 
allowed to remain for another two years of 
advanced study. This expansion resulted 
in a general requirement that each of eight 
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sciences be studied: astronomy, botany, 
chemistry, geology, physical geography, 
physics, physiology, and zoology. More 
often than not, zoology and chemistry were 
scheduled for the first semester because 
they were assumed to be basic to the other 
sciences. That is, zoology paved the way 
for a thorough understanding of physiology ; 
chemistry buttressed all. The scheme dif- 
fered for each institution in a fashion remi 
niscent of the modern college, and for 
probably the very same reasons. 

In terms of class time, every member of 
the two year program spent some ten to 
twenty weeks (four-five meetings each 
week) in each course. To contrast this 
with modern practice, it is evident that a 
ten week course, meeting for a total of fifty 
sessions, is easily the equivalent of a semes 
ter course meeting three times a week for 
sixteen weeks. Chemistry, physics, and 
physiology classes commonly met for 
twenty weeks, the others for ten weeks. In 
terms of class time, the sciences were surely 
more important elements in those 19th 
century normal schools which were investi- 
gated than in the teachers colleges of today. 
Educators who would add to the science 
requirements of the teachers college are 
advised that they are following a trail which 
was blazed some ninety years ago and then 
iorgotten. 

Purposes of Normal School Science 

Throughout the 19th century, the ob- 
jectives of normal school science were very 
much like those of the academies and high 
schools. Both the normal and secondary 
schools believed that science was a powerful 
instrument for building a firm belief in God. 
soth were certain that science would better 
prepare students for the practical world of 
everyday life; both insisted that science 
sharpened powers of perception, memory, 
generalization, and reason. This is to be 
expected. The science teacher could not 
help but absorb the psychological and edu- 
He knew that 
science, when taught by “right method” 


cational folklore of the day. 


automatically resulted in achievement of 
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, 
desired goals. The normals, therefore, 
were certain that the field of science was a 
necessary element in educating teachers who 
feared God, yet understood the rationale of 
the God-belief; who loved “Nature”; and 
were so well trained scientifically that they 


understood and appreciated the role of 


science in their rapidly expanding economy. 

The significant difference between the 
normal schools and the academies did not 
lie in these goals, so briefly described above. 
It existed in the major purpose of the 
normal schools, a purpose which continued 
unchanged from 1839 to the turn of the cen- 
turn—the preparation of competent teachers 
for the common schools. The other aims 
were valuable accessories for the proper 
“culture” of the teacher. Indeed, only by 
attaining these aims could the teacher 
realize his full potentialities, but they were 
to be attained only because he would 
thereby become a better teacher and for no 
other reason. The concept of the teacher 
as a citizen and thereby a person entitled to 
a well-rounded education, irrespective of 
whether or not he is to teach, played a minor 
part in normal school thinking. In other 
words, the “general education” program of 


the normal schools, in the sense of non- 


professional training, was a _ narrowly 


oriented program. Its raison d’etre was 
simply this: the teacher whose education 
comprehended the sciences was “obviously” 
preferable to the teacher unschooled in the 
sciences. 

The reasons which the normal schools 
advanced for their science requirements 
are, with the two exceptions of theology 
and general education, basically those of the 
modern teachers college. 
may differ 


The phraseology 
the underlying psychology is 
no longer the same, but the vision of the 
wonders to be wrought by the systematic 
study of science is unchanged, even to the 
profound trust in the methods of science. 
For a period of some twenty years, the 
normals made little or no attempt to press 
for science in the elementary school cur- 
With the advent of the sixties 
and its strong Pestalozzian currents, the 


riculum. 
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normals turned their attention to the prob- 
lem of developing both the willingness and 
competence to teach science in the common 
schools. They were well aware that the 
great majority of boys and girls would 
never enter the high schools to study formal 
science and that, if mass understanding and 
appreciation of science was vital for the 
citizen, science must become both respected 
and expected in every common school. 

In the attempt to squeeze science into 
the common branches, normal school science 
men undertook a propaganda campaign 
which continued to the end of the century. 
They wrote voluminously ; spoke frequently 
at institutes and summer schools; and pre- 
pared simple courses of study. Elementary 
science was required by administrative fiat 
in many school systems and encouraged by 
the various state boards of education. 
Connecticut even required all applicants for 
state certification to pass a written test in 
elementary science. 

The normals realistically took their own 
students as they were. Their methods and 
content were professionalized for the com- 
mon schools. They circumvented the in- 
evitable excuse that the lack of science 
materials in the schools would prevent their 
students from making use of their scientific 
knowledge. This was done by requiring 
students to become proficient enough in 
handling tools to manufacture equipment 
sufficient for their needs. For some two 
decades, virtually every normal student 
graduated with a supply of materials for 
each area of elementary science, or with 
some idea of how to prepare, in-service, 
necessary. The modern 


whatever was 
teachers college has hardly begun to think 
in terms as functional as this. 


The Centrality of Method 

The normal schools were not content to 
let the matter rest with massive doses of 
science. The Jeit-motif of professional 
preparation drove them to revise ‘the tra- 
ditional methods of presenting subject 
matter simply because these methods were 
incapable of preparing the kind of teachers 
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that Horace Mann and his colleagues de- 
manded. 

Cyrus Peirce, for example, guided his 
students through “teaching 
which revealed their grasp of subject matter 
and simultaneously trained them pedagogi- 
cally. 
distinctive method of the first two decades 
of the normal movement, at a time when 
the teacher-directed textbook recitation 
prevailed throughout the land. The pure 
textbook recitation was seldom found in 
the normals, and it was the student who did 


exercises” 


This professional exercise was the 


much of the questioning when it was em- 
ployed. 

Judging from a “cover the text” point 
of view, classes moved slowly, yet the teach- 
ing exercise undoubtedly contributed to 
learning because of its repetition. ‘“Over- 


learning” resulted because science was 


taught by imitating teachers—as exact an 
imitation as possible. This science was 
not to be taught in the elementary school— 
but, nonetheless students learned science by 
teaching science to their classmates. 

The value of the science teaching exer- 
cise may be questioned even when, as so 
often happened, the class pretended to be 
children. It was, nevertheless, the first 
professional invention by normal school 
men, and survived in one form or another 
in several of the normals until the end of 
Throughout that century, the 
professionalized methods of the normal 


the century. 


schools were to contrast sharply with the 
conventional procedures of the secondary 
schools. They were to diverge even more 
when Pestalozzian ideas were harnessed by 
the Westfield (Mass.) Normal School in 
the late fifties. 

Pestalozzi had, of course, insisted on 
the primacy of concrete experience in learn- 
ing. Mr. Peirce and his co-workers, years 
before the Westfield experiment, were also 
well aware of the importance of first-hand 
learning, and, particularly in the physical 
sciences, had frequently resorted to lecture- 
demonstrations, both instructor and_ stu- 
dent. These 
ditional—the class was told the object of the 


“experiments” were tra- 


SCIENCE IN NORMAL SCHOOLS 141 


experiment, and the procedure; the class 
merely verified the results. This was learn- 
ing via concrete experience, but it appears 
to have been as unsuccessful then as it is 
today. 

The normals were cognizant of this, as 
well as of other deficiencies in their methods 
of teaching science, and as a result of this 
awareness, the teaching of science in the 
normal schools was revolutionized when 
John W. Dickinson of the Westfield Normal 
formulated his “Analytic-Objective” meth- 
odology in the late fifties. The “new” 
method dominated normal science, in one 
guise or other, until the advent of Her- 
bartianism in the last few years of the 19th 
century. In essence, Westfield sought to 
implement Pestalozzi’s ideas by selecting 
science as an excellent starting point. The 
basic idea of the movement was that science 
must be taught inductively ; textbooks were 
to serve only as reference sources. Vast 
collections of scientific materials were re- 
quired in order to make possible this 
heuristic approach, and a collecting fever 
gripped the normals, resulting in enviable 
museums and laboratories. 

What was new and fresh, however, soon 
hardened into a rigid formalism. The in- 
ductive strengths were weakened by an 
artificial scheme of outlining topics in which 
the teacher replaced the text. The study of 
science had also, at about this time, become 
a desirable element of the elementary school 
curriculum, and each normalite was taught 
an exact technique which promised success 
Unfortunately, this science was no longer 
the science which Dickinson had _ first 
visualized. 

In the early eighties, soon after the 
normals had installed laboratory facilities 
for individual work, the “Analytic-Ob- 


jective” method was thoroughly over- 


hauled. The Bridgewater ( Mass.) Normal 
led the movement away from stereotyped 
methodology to a new, creatively inductive 
experience. Its contribution, of major im- 
portance to us today, was a deliberate 
heuristic over-emphasis. Only by deriving 
all possible science learning from individual 
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observation and experiment was it possible 
for each learner to become an experienced 
observer and reasoner—so ran the Bridge- 
water argument. The men who conceived 
the new plan were positive that the method 
of science had now become an easily worked 
tool in the hands of the embryo teacher. 
They were profoundly impressed by the re- 
sults of scientific investigation in the boom- 
ing eighties and nineties and were con- 
vinced that they had at long last, invented 
a modern “philosopher’s stone.” 

In order to utilize inductive principles 
most effectively, the normals divided science 
courses into two parts; one, “elementary” 


and the other, “scientific.” The former, de- 
signed as a course of study for elementary 
school science, sought to build a_ solid 
foundation of scientific fact on first hand 
experience. - The “scientific” course was 
intended to prepare for teaching in the 
higher grades and the high schools, but it 
was nearly always required of elementary 
students who were thus allowed to make 
use of their newly acquired perceptive 
powers in order to develop the higher fac- 
ulties of the minds. It was in the “scien- 
tific’ courses that abstract theory and 
principle were derived from the learnings 
of the “elementary” courses. 

This particular device was peculiar to the 
normal schools, and it illustrates the devices 
by which they tried to attain their goals. 
Their sister institutions, the high schools 
and academies, relied on the time-tested 
methods of the past. They, too, were 
aware that concrete experience was vital 
to real learning. But, and an important 
but, they made no effort to apply heuristic 
ideas in science classes. To point up the 
differences in implementing goals, all of the 
normal schools required individual labora- 
tory work in each science during the last 
two decades of the 19th century. On the 
other hand, only the very largest secondary 
schools were similarly equipped, and these 
few were guided by the college belief that 
skill in scientific thinking grew automat- 
ically from the conventional academic ex- 
periment or demonstration. Unfortunately, 
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that experiment merely illustrated scientific 
law or fact, and it is precisely this kind of 
experiment which all too often is part of 
college laboratory instruction today. 

The normal schools committed numerous 
errors in their attempts to build an in- 
ductive curriculum. They were, however, 
earnestly attempting to attain their goals 
by means which they believed proper, and 
researchers in the methodology of science 


teaching should not neglect their efforts. 


Evaluation of Accomplishment 


Evaluation is difficult, and evaluation of 
the achievements of normal school science 
is no exception. Obviously, it must be 
made in terms of the aims which were set 
forth by the normal schools, and of their 
success and failure in attaining those aims. 

If we turn to the introductory questions, 
the evidence supporting a comprehensive 
and conscientious science program is most 
impressive. Final judgment should not rest 
merely on the number and variety of 
scientific facts studied for the reason that 
the continual insistence on mastery of pro- 
iessional techniques allowed time for fewer 
facts of science to be “covered” than one 
might have expected. The important point 
is the extent to which these particular facts 
were mastered by methods designed specifi- 
cally for the purpose. The author was able 
to study many dozens of student notebooks, 
test papers, laboratory manuals, and other 
evidences of student achievement, and the 
silent evidence of these materials convinced 
him that normal school science instructors 
were successful in building real understand- 
ing of the limited materials studied. Stu- 
dent notebooks in particular were most im- 
pressive as a testimonial to the time and 
effort which went into each science course, 
particularly after the advent of the labora- 
tory. 

The critic may well point out the limita- 
tion of normal science to “elementary” 
facts and to those principles which could be 
derived from “elementary” facts. Perhaps 
the most serious weakness was inherent in 
the avoidance of mathematical treatment 
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which resulted in a descriptive and classi- 
ficatory science. It should be clear, how- 
ever, that these ‘‘weaknesses” were 


deliberately created and  maintained- 
mathematical theory was never believed to 
be essential for common school teachers. 

The quality of the teaching was such that 
che writer was continually surprised, often 
amazed, and usually gratified. Consider 
such factors as these: the conventional two- 
year program of the last third of the century 
was crammed with some twenty-five to 
thirty-five courses; students were unpre- 
pared for a normal school science which was 
taught by time-consuming inductive and ex- 
perimental procedures; most courses de- 
pended on repetitious teaching exercises ; 
and finally, the largest part of the science 
course was purposely designed for the ele- 
mentary schools. 

The wonder is not that science was “‘ele- 
mentary,” but that so much was accom- 
plished. Normal science was far more than 
a perfunctory textbook study. It was per- 
sonal experience with the vital storehouse 
of nature. It could so easily have been 
stultifying and worthless because of what 
appear to have been hopeless odds. In 
terms of their goals, the normals must be 
judged to have achieved part of what they 
had set out to do. If mastery of the method 
and content of science as set forth by the 
normals is accepted as evidence of scien- 
tific literacy, then graduates of the normals 
were scientifically literate. 

There are abundant materials which 
testify to the superior teaching ability of the 
normal-trained teacher. He occupied the 
better paid and more responsible positions 
because he knew exactly how to proceed, 
what to teach, how to discipline, and what 
to expect. This was considered to be a 
natural outcome of normal school teaching. 
\fter all, was it not logical to expect that 
the person trained in the sciences would, 
all other things being equal, be a superior 
teacher? Even if he taught no science in 
the elementary school, his science training 
was expected to reap rich rewards for him 


nevertheless. 
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Objective evaluation of this particular 
claim is difficult. Science educators would 
surely agree that such results are to be 
hoped for, and the writer is inclined to 
agree with the claims of the normal schools 
that their scientific training helped teachers 
in their school pursuits whether or not 
science was taught. 

Surely, it would seem that the normal 
schools prepared their students as thor- 
oughly and functionally as possible for the 
teaching of science. And yet, a necessary 
catalyst must have been missing. Science 
simply did not take in the common schools. 
There are dozens of cases of omission, of 
failure, and of abandonment of required 
elementary school science for every indi- 
vidual success. Indeed, the successes seem 
to have been due to individuals who would 
have taught science, whether or not they 
had been so trained in the normal schools 

The failure of non-normal trained per 
sonnel is understandable. But the avoid 
ance of science by the normal graduate, 
undoubtedly a superior teacher, can be ex- 
plained only by assuming that neither the 
interest to teach science nor the desire had 
been aroused. The machinery had been set 
up, the operators were expert, but were un 
accountably reluctant to press the starting 
button. 

There are many factors which may have 
contributed to their inertia. For example, 
good science teaching then, as today, was 
time-consuming and almost impossible with 
large classes and large, ungraded classes 
were the rule. Administrative reluctance 
was not a factor. Even in communities 
whose educational authorities were anxious 
to make science part of the curriculum and 
supplied money, time, and competent super- 
visory help, there were the same failures 
and omissions. 

Because of this, some responsibility must 
rest on the normal school graduate, and 
ultimately with the normal schools which 
had failed to convince their students that 
science should no more be omitted from the 
common school than arithmetic or geog- 


raphy. It is more than conceivable that, 
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despite the attention to science, normal 
school students were insecure and afraid. 
Perhaps both the range of subject matter 
demanded of them and the requisite skills 
were just too much to be developed in two 
years. . 

There appears to be no other hypothesis 
capable of explaining why the normals 
failed to secure more than a toe-hold on this 
particular goal. The point becomes even 
more pertinent when we recall the emphasis 
on scientific method to which normal science 
teachers had turned in their effort to enable 
students to master by themselves what there 
was too little time for in the normal schools. 
This also was a chimera. 

There were several other phenomena 
which affected the quality of normal school 
science. Strangely enough the normals 
were unwilling to teach science and did so 
only because students were not science- 
qualified in the light of their progressive 
ideas. Ideally, the common schools and high 
schools were to have prepared their gradu- 
ates so that the only function of the normals 
was to have been professional training. 
That this millenium never occurred is 
illustrated by the failure of the New York 
State Normal College (Albany) in the 
early nineties in its attempt to eliminate 
subject-matter courses. Reliance on high 
school subject-matter competence was 
altered in a few years by the inclusion in 
the curriculum of required science courses 
for all high school graduates. 

The facts are plain. Students entering 
the normals whether products of the ele- 
mentary or secondary schools were not 
prepared in science nor for science teaching. 
The common schools did not then as they 
do not today, make science a part of their 
curriculum—a most important point, be- 
cause, until the last few years of the cen- 
tury, the normalite was more often than 
not a product of the common schools, with 
no formal high school study. 

Even secondary school graduates were 
unqualified when viewed with normal school 
eyes. Most of them were exposed to one 


or more formal courses in science . . . they 
were, that is, unless they were enrolled in 
the academic curriculum. Those who at- 
tended the larger high schools had probably 
struggled through a few weeks of laboratory 
practice (the smaller schools could not 
afford the luxury of first-hand experience ), 
which was all too often a dull, formalistic 
chemistry or physics, minus the vitality and 
heurism of normal school science. Boys 
and girls who knew only memorizing of 
textbooks, who weighed and dissected only 
to illustrate what they had previously 
known, were completely unprepared for 
two years of study in which textbooks were 
resorted to only after students were unable 
to answer questions by laboratory pro- 
cedures. 

As a result, the normal schools had 
accepted this stern reality— entering stu- 
dents must be taught science from the 
ground up. Science was really forced into 
their curriculum and took up nearly one- 
third of all class time for this reason. The 
normals had no other alternative than to 
build a strong science-centered program. 
3ut, because of time limitations, they also 
had no alternative to a simple science, un- 
complicated by mathematics and abstrac- 
tions. 

If all these points are taken into con- 
sideration, and if the elementary school 
science goal is excepted, the science pro- 
gram must be judged to have functioned 
more or less as intended, and normal school 
science achievement is thereby far more im- 
pressive and successful than the casual stu- 
dent of normal school history would sup- 
pose. The products of the normal schools 
were scientifically literate in terms of their 
background, training, and environment. 
They were better equipped to meet their 
professional responsibilities regardless of 
whether or not science was actually taught 
in the common schools. The faith which 
Horace Mann placed on the value of normal 
training would therefore seem to have been 
abundantly justified by the teaching of 
science in the 19th century normal school. 
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The Development of a General Education College Chemistry Course Which 
Incorporates a Modern Philosophy of Science and Is Based Upon a Modern 
Concept of the Atom 

L. A. Arnoip, University of Florida, Gainesville, Florida 


A Comparison of a Specific Problem-Solving Method, Involving Experiments, 
with a Lecture-Demonstration Method of Teaching a Course in Physical Science 
CurRIsTOPHER D. RaArter, Danbury State Teachers College, Danbury, Con- 
necticut 


Summary and Recommendations 
3ENJAMIN C. GRUENBERG, Author and Consultant in Science Education, New 


York City 


a wiped 11:15 A.M.-1:00 P.M. 


SAMUEL SCHENBERG, Chairman, Supervisor of High School Science, New York 
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Science Education in New York City 


City Board of Education 
What Have Been the Major Emphases in Research in Elementary Science 
During the Past Five Years? 
JACQUELINE Buck MAL.inson, Chairman, Elementary Level Committee, 
NARST 
How Can Science Learning Be Incorporated into the Elementary Curriculum. 
Paut E. BLacKwoop, Specialist for Elementary Science, United States Office 
of Education 
How Can the Grade Level for the Introduction of Science Concepts Be Deter- 
mined ? 
MartIN L. Ropertson, Executive Editor of the Educational Department, Mac- 
millan Company 


On What Bases Should Science Learning Materials Be Selected on the Elemen- 
tary Level? 

Harry MILGRoM, Supervisor of Elementary Science, New York City Board 
of Education 

How Can an Effective In-service Program Be Evolved to Meet the Science 
Needs of Elementary Teachers? 

Rose LAMMEL, Professor of Science Education, New York University 

How Can the Elementary Science Program Reveal, Nourish and Maintain 
Science Talent? . 
N. Etprep Bincuam, Professor of Education, University of Florida 
Summary 

ETHEL F. HuacGArp, Associate Superintendent of Curriculum Development, 
New York City Board of Education 
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Jerome MEtTzNeEr, Chairman, Chairman of the Department of Biology and Intro- 


ductory Science, Bronx High School of Science, New York City 
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1. Sctence in the Elementary and Junior High Schools 
Harry Mircrom, Supervisor of Elementary Science, New York City Board of 
Education 
Atrrep D. Beck, Supervisor of Junior High School Science, New York City 
3oard of Education 


— 


2. High School Science 


Biology—JEROME MetzNeER, Chairman of the Department of Biology and In- 
troductory Science, Bronx High School of Science, New York City 
Chemistry—Saut GEFFNER, Chairman of the Department of Chemistry, Far 
Rockaway High School, New York City 
Physics—THEoDORE BENJAMIN, Chairman of Department of Physical Science, 
DeWitt Clinton High School, New York City 

3. Vocational High School Science 
NATHAN CLARK, Science Supervisor, Vocational High School Division 

4. College Science 
ABRAHAM RASKIN, Associate Professor of Physiology, Hunter College, New 
York City 
NATHAN S. WaAsHTON, Professor of Education, Queens College, Flushing, 
New York 

Tuespay, Aprit 19, 1955 


Horace Mann Auditorium 


Science Education in Foreign Countries................ 9:00 A.M.-10:30 A.M. 
WitiraM C. VAN DeveENTER, Chairman, Department of Biology, Western Michi- 
gan College of Education 


» 


1. Eart R. GLenn, United States Foundation in the Philippines 


2. E. LAwrENcCE PALMER, Director of Conservation Education, National Wild- 
life Federation 


. 
on 


Etwoop D. Heiss, New Haven State Teachers College 


4. Vernon C. Lincren, School of Education, University of Pittsburgh 


ee ee a eee eT eee 10:30 A.M.-12:15 P.M 
WittiaM C, VAN Deventer, Chairman, Department of Biology, Western Michi- 
gan College of Education 
1. Characteristics of Superior Science Students 
Rosert D. MacCurpy, Senior High School, Watertown, Massachusetts 


~~ 


2. A Study of Selected Interest Factors as Related to Outcomes of the Program 
of General Education at Michigan State College 
Victor Howarp, Michigan State College 
3. An Analysis of the Process by Which a Group Selects or Rejects Ideas or 
Beliefs 
CueEster A. LAwson, Michigan State College 
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4. Reading and Demonstration in Science Teaching 
CLARENCE H. Boeck, College of Education, University of Minnesota 


EY CINE, ature Wie ais Awe c6 9 Kae dae PNA We hwe Mey ers 1:30 P.M.—3:00 P.M. 
WitiiaAM C. VAN DEVENTER, Chairman, Department of Biology, Western Michi- 
gan College of Education 
1. Prediction of Achievement in Junior High School Science 
C. MicuaeL ApraGnNa, School of Education, New York University 


2. Science in Nineteenth Century Normal School 
Louis Kustan, New Haven State Teachers College 


3. The Effect of Differential Remforcement on Concept Formation 
FINLAY CARPENTER, Michigan State College 


4. An Experimental Study Applying Non-Aristotelian Principles in the Measure- 
ment of Adjustment and Maladjustment 
Tuomas M. Wetss, Michigan State College 


College General Education Science Programs in Action. ...3:00 P.M.—4:00 P.M. 


Watpo W. E. BLANcHET, Chairman, Dean, Fort Valley State College, Fort Valley, 
Georgia 

1, CLemMentT L. HENsHAw, Colgate University 

? 


2. Cuester A. Lawson, Michigan State College 


3. WittiAm C. VAN DeventeR, Western Michigan College of Education 


WepNEspAY, Aprit 20, 1955 
Room 256—Thompson Hall 
DE “TI, o450 snd kee cue cae ewes wake eee 9:00 P.M.—11:30 P.M. 


KENNETH E. ANDERSON, Chairman, Dean of the Schoo! of Education, University 
of Kansas 


1. Review of the Activities of the Association 
KENNETH E, ANDERSON, Dean, School of Education, University of Kansas 


2. Affiliation with the American Association for the Advancement of Science 
GeorGeE G. MALLINSON, Director of the Graduate Studies, Western Michigan 
College 


3. Third Annual Review of Research in Science Education 
Hersert A. Smiru, Director of the Bureau of Educational Research and 
Service, School of Education, University of Kansas 
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4+. Business Report 


CLARENCE M. Pruitt, Secretary-Treasurer, University of Tampa 


[X. Annual Luncheon of NARST Horace Mann Cafeteria 


\ddress: CriticAL THINKING AND RESEARCH, GORDON 


THIRD ANNUAL REVIEW OF RESEARCH IN SCIENCE TEACHING 


Chairman——-HEeErBert A. SMmitH, Director of the Bureau of Educational Research and 


Service, School of Education, University of Kansas, Lawrence, Kansas 
Vice-Chairman—Natuan S. WaAsutToN, Professor of Education, Queens College, Flush- 
ing, New York 
Level Committee Chairmen: 
1. Elementary School Committee 
JACQUELINE Buck MALLINSON, Chairman, Formerly, Science Instructor, Gross 
Pointe Public Schools, Gross Pointe, Michigan 
DonaLp ALLEN Boyer, |l’ice-Chairman, Head of the Science Department, Win 
netka Public Schools, Winnetka, Illinois 
Secondary School Committee 
CLARENCE H. Boeck, Chairman, Head of the Science Department, 


University 
High School, University of Minnesota, Minneapolis, Minnesota 


WitiiAM B. ReEtNer, Vice-Chairman, New York City Board of 
Brooklyn, New York 


Education, 


College Level Committee 

Tuomas P. Fraser, Chairman, Department of Science Education, Morgan State 
College, Baltimore, Maryland 

CLARENCE H. Netson, Vice-Chairman, Michigan State College, East Lansing, 
Michigan 


Committee on Educational Trends in Science 


Co-Chairmen—J]eroMeE Metzner, Chairman of the Department of Biology and In 
troductory Science, Bronx High School of Science, New York City 


ABRAHAM RASKIN, Associate Professor of Physiology, Hunter College, New York 
City 
Committee on Membership 

sas : iets . ‘a ; ‘ ' =f 

Cyrus W. Barnes, Chairman, School of Education, New York University 
Committee in Charge of Local Arrangements for the Annual Mecting 

Hupert M. Evans, Chairman, Professor of Natural Sciences, Teachers College, 

Columbia University, New York City 








A REPORT OF THE FUTURE SCIENTISTS OF AMERICA 
FOUNDATION OF THE NATIONAL SCIENCE 
TEACHERS ASSOCIATION * 


NATHAN S. WASHTON 


Oueens College, Flushing, New York 


NE of the major problems facing 
© scientific industries and the teaching 
profession is the recruitment of prospective 
science teachers and scientists. There is 
an acute shortage of scientists and science 
teachers. The number of college majors 
in science and mathematics decreased in 
serious proportions during the past few 
years. Throughout the nation there are 
many teachers who are not adequately pre- 
The Future 
Scientists of America Foundation of the 


pared to teach in these areas. 


National Science Teachers Association re- 
quested representatives from many pro- 
fessional teaching societies, scientific so- 
cieties, and leading industries to discuss this 
vital problem. 

The Future Scientists of Amercia Foun- 
dation in cooperation with scientific, educ- 
cational, and industrial organizations are 
attempting to solve this problem. High 
school students who are talented in science 
or mathematics are encouraged to do 
creative projects, exhibits, experiments, and 
reports. They may submit and exhibit their 
results to local science fairs and meetings. 
Many prizes such as government bonds, 
medals, and scholarships are awarded to 
successful contestants. High school science 
teachers play an active role in encouraging 
and guiding these students to study specific 
problems in science and mathematics. It is 
believed that this kind of program will stim- 
ulate further interest in and knowledge of 


* Second annual conference held September 23, 
1954 in the National Education Association Build- 
ing, Washington, D. C. Nathan S. Washton was 
representing NARST at this conference. 

Paper presented at Twenty-Eighth Annual 
Meeting of the National Association for Research 
in Science Teaching, Teachers College, Columbia 
University, April 20, 1955. 


the natural sciences. Thus, many high 
school students are given an opportunity 
to specialize as potential scientists or 
science teachers when they enter college. 
Another successful program was reported 
that dealt with enriching the background 
and experience of a number of high school 
Several scientific indus- 
tries employed many of the science teachers 


science teachers. 


for one month during the summer. The 
teachers were paid one-tenth of their an- 
nual salary. They made a worthy contri- 
bution to the industry, and the science 
teachers were able to comprehend the appli- 
cations of science in industry more effec- 
tively. It was said that most of these 
science teachers returned to their classes 
with an inspiring point of view and a deep 
appreciation of science and industry. 
Several suggestions were made to im- 
prove the recruitment of science teachers 
and scientists. Better communication be- 
tween local, professional, scientific societies 
and industries where money might be 
available to support such programs as 
scholarships, employing high school science 
teachers during the summer months in in- 
dustries, offering tuition-free fellowships 
and scholarships to high school science 
teachers during the summer months, to en- 
courage many people in industry to send out 
speakers in related scientific industries who 
could stimulate young people to consider 
science teaching and science industry as a 
possible career, were some of the recom- 
mendations that came from the group. 
Legislation was also suggested as a possi- 
bility. 
science teachers should be changed so that 
obsolete laws will no longer permit those 
who are unqualified to teach the sciences. 
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Perhaps the state certification of 
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Another recommendation was the improve- 
ment of the science laboratory. The major 
problem of the group attending this con- 
ference was to raise money to support their 
program in organizing future scientists of 
America clubs throughout the nation. 
Many industries have cooperated in this 
venture but the financial support is still 
lacking. 

The writer believes that there are impli- 
cations for research work that may be 
undertaken by a cooperative group spon- 
sored perhaps by NARST in connection 
with one of the foundations which may be 
able to support such scientific research. 
Such research could be cooperative be- 
tween NARST and the NSTA. The prob- 
lems for research may be developed along 
the following lines: (1) What makes a per- 
son want to be a scientist or a science 
teacher? Perhaps a cooperative program of 
research investigating the various factors 
responsible for a person seeking a career 
as a scientist or a science teacher may be 
helpful in this program. There are various 
ways in which this research work could be 
approached. 
by examining successful scientists and suc- 
cessful science teachers to find out what. in 
their background or in earlier training or 
experiences influenced them the most in 
becoming a scientist or a science teacher. 


For exainple, one may begin 


Another approach might be to begin with 
youngsters perhaps in the junior high 
school to find out where their interests are 
or where they may be lacking in the 
sciences. What are the causes of such lack 
of interest in the sciences? Is it due to the 
individual’s earlier experiences in the ele- 
mentary school, at home, intelligence, socio- 
economic background, religious point of 
view, and many other factors? It seems 
impossible for any one person to under- 
take a study of this kind. However, if a 
team of experts would investigate the 
various factors and if such money could be 
made available by a national foundation, it 
is possible that some interesting data to 
help solve this problem could be obtained. 


FUTURE SCIENTISTS OF AMERICA 151 


A second study for research that would 
be of interest to this group, although it was 
not suggested as such, would be the attitude 
of teachers towards industry. In view of 
the fact that a few industries in the sciences 
have employed high school science teachers 
during the summer months, what impact 
was made upon these teachers? How, if 
at all, does the program enrich the science 
teacher’s background to do a more effective 
job in the classroom and to encourage and 
te inspire young people to consider science 
Although 
in the course of discussion at this meeting 


or science teaching as a career? 


several people indicated that all the atti- 
tudes were positive it would be worthwhile 
to make a very objective study to seek out 
what negative attitudes might prevail, if 
any. 

A third area of study might be to find 
out why students don’t go on to college, 
especially where the sciences are concerned. 
Many studies have already appeared in 
this area. It might be necessary to have a 
group of research people correlate the 
various findings and then come up with 
another integrated scheme of finding out 
other possible factors. 

\ fourth problem for research might be, 
when is it feasible to recruit young people 
to consider science and science teaching as 
a career? Several suggestions were made. 
Some people believed it should begin with 
the secondary level; others insist it must 
begin specifically at the junior high school 
7th grade. A few believe it should begin 
What kind of 


guidance is administered in the public 


with the elementary school. 


schools that affects the recruitment program 
of prospective scientists and science teach- 
erg? 

Careful study should be given to the pro- 
posal, if money is given by a commercial, 
scientific organization, what is the responsi- 
bility or obligation or control, if any, that 
may influence the secondary school cur- 
riculum? Where money is obtained, people 
usually something in 


expect return. 


Wherein lies the line of demarcation, if 








] 


? 


ur 


there is such a line, between the relation- 
ships of support from industry and control 
by industry in terms of the science program 
of instruction? Perhaps this problem would 
be worthwhile for further study. 

It is obvious that scientific industries are 
offering higher salaries than the science 
teachers receive. It does not seem likely 
that both of these will be equalized. How- 
ever, it appears that there is too great a 
difference in salary which may be one of 
the factors responsible for the lack of an 
adequate supply of students who may con- 
sider science teaching as a career. This 
could account for the teacher shortage in 
all areas. Hence, it was proposed that 
teacher salaries be increased. 

Unless we obtain highly qualified and 
competent science teachers, we cannot hope 
for a better science teaching program which 
would inspire a good number of young 
people to consider science as a career. We 
must have eager and top-notch science 
teachers to help develop top-notch scientists. 
It is not suggested that all students should 
become scientists. The high school science 
teacher should encourage young, “budding” 
scientists to take advantage of the many 
opportunities that are offered by the Future 
Scientists of America Foundation in co- 
operation with industries. 

Science teachers should also re-examine 
the curriculum and the resources that are 
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used to implement science teaching. How 
are community resources (field trips, in- 
dustry, museums, science and _ health 
agencies, etc.) being used if at all? Should 
certain areas of science be emphasized and 
others deleted? Why are we teaching all 
of the areas in science? Do they help us 
develop our purposes ? What is the role 
of the laboratory? Are “cookbook recipe” 
type of experiments providing the best 
stimulation for further interest and knowl- 
edge of science? Is general science the best 
kind of science course for all students or 
some students in the ninth year? What 
articulation occurs before and after the 
ninth grade science course? How does the 
science teacher evaluate interests, attitudes, 
and skills in pupil learning? Are there 
adequate reading materials available to 
pupils for further study? What provisions 
are made for in-service growth of science 
teachers? How are they informed of the 
latest research work in teaching science? 
What would happen to the classroom teach- 
ers’ instruction and how would it affect 
learning, if science teachers put into prac- 
tice the worthwhile findings produced by 
research specialists in science education? 
This critical examination of the science 
program is essential and will determine 
whether we inspire young people to learn 
science or whether we kill the interest in 
science. 


A REPORT TO THE NARST ON THE RELATIONSHIPS 
WITH THE AMERICAN ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE FOR 
THE YEAR 1954-55 * 


GEORGE GREISEN MALLINSON 


Western Michigan College, Kalamazoo, Michigan 


INTRODUCTION 

NTIL the year 1954-55 the National 
U Association for Research in Science 
Teaching had only one regular relationship 
with the American Association for the Ad- 
* Report made by NARST Representative on 
Cooperative Committee at the Twenty-Eighth An- 
nual Meeting of the National Association for 
Research in Science Teaching, Teachers College, 

Columbia University, April 20, 1955. 


vancement of Science, namely, membership 
on its Cooperative Committee on the 
Teaching of Science and Mathematics. On 
an irregular basis the NARST co-spon- 
sored various sessions on science education 
research at the annual convention of the 
AAAS. 

However, during the past five years the 
NARST has grown steadily in member- 





Ma 


shi 
by 
thi 
nu 
re] 


cal 





t Ww 
in- 
alth 
uld 
and 
all 
us 
‘ole 
pe” 
est 
wl- 
St 
or 
hat 
the 
the 
les, 
ere 
to 
ns 
ace 
the 
-e 7 
ch- 
ect 
ac- 
by 
n ? 
ice 
ine 
im 
in 


‘ip 
he 
’n 


mn 


he 





Marcu, 1956] 


ship and function, Of the two, the latter is 
by far the more important. For the last 
three years the NARST has published an- 
nual reviews of science education research 
replacing those discontinued by the Ameri- 
can Educational Research Association. 
Further it has participated in a ‘wider 
variety of meetings with other national 
societies interested in various aspects of 
science teaching. 

As a result, it was believed that a 
broader affiliation with the AAAS would 
be more desirable. Hence within the past 
year the NARST became an affiliate of the 
AAAS, appointed a representative to the 
AAAS Council, and initiated symposia on 
science education research at the Berkeley 
Convention in 1954 and Atlanta Conven- 
tion in 1955. These symposia attracted 
many co-sponsors from other national 
societies. 

Hence the annual report of your repre- 
sentative now encompasses these new 
activities in addition to those with the Co- 
operative Committee. For convenience, this 
report is divided into three sections, (a) 
Activities with the Cooperative Committee 
on the Teaching of Science and Mathe- 
matics of the AAAS, (b) Affiliation with 
the AAAS, and (c) Symposia on Science 
Education Research at the AAAS Conven- 
tions. 


ACTIVITIES WITH THE COOPERATIVE COM- 
MITTEE ON THE TEACHING OF SCIENCE AND 
MATHEMATICS OF THE AAAS 
Meetings of the Cooperative Committee 

Since the last meeting of the NARST 
the Cooperative Committee has met on three 
occasions, namely, (1) at the Hotel Mor- 
rison, Chicago, Illinois, April 3 and 4, 1954; 
(2) at the National Education Association 
uilding, Washington, D. C., on October 
14, 15 and 16, 1954; and (3) at the Conrad 
Hilton Hotel, Chicago, Illinois, February 25 
and 26, 1955. The place of the meeting is 
in accord with the policy of meeting in 
Washington in the Fall and in the Midwest 
in the Spring. The cost of your repre- 
sentative’s attendance at the meetings was 
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born by sources other than the treasury of 
the NARST. 


Personnel of the Cooperative Committee 

During the past year there were a num- 
ber of changes in personnel. The following 
members of the Committee were replaced : 

a. Donald W. Lentz—Central Association of 
Science and Mathematics Teachers 

b. Duane Roller—Board of Directors of the 
AAAS 

c. Francis D. Curtis—Section Q, AAAS 

d. John R. Mayor—Mathematical Association 
of America 

e. Glenn W. Blaydes—Botanical Society of 
America 

f. George E. Hawkins—National Council of 
Teachers of Mathematics 

g. Bernard B. Watson—American Association 
of Physics Teachers 


At the meeting at the Conrad Hilton 
Hotel the personnel of the Committee was 
as follows: 

John R. Mayor, Chairman 

Bernard B. Watson, Secretary 

(These two persons retained membership or 
the Cooperative Committee as officers although 
they had been replaced as society representa- 
tives ) 

Fletcher G. Watson—American Association of 
Physics Teachers 

Wasley S. Krogdahl—American Astronomical 
Society 

C. H. Sorum—American Chemical Society 

Arthur L. Howland—American Geological In- 
stitute 

J. W. Buchta—American Institute of Physics 

Richard L. Weaver—American Nature Study 
Society 

L. V. Domm—American Society of Zoologists 

Harold K. Schilling—Board of Directors, 
AAAS 

Fred H. Norris—Botanical Society of America 

W. H. Edwards—Central Association of Science 
and Mathematics Teachers 

Laurence L. Quill—Division of Chemical Edu- 
cation of the American Chemical Society 

David Blackwell—Mathematical Association of 
America 

Prevo L. Whitaker—National Association of 
Biology Teachers 

George G. Mallinson—National Association for 
Research in Science Teaching 

Henry W. Syer—National Council of Teachers 
of Mathematics 

Morris Meister—National Science Teachers 
Association 

Harold E. Wise—Section Q (Education), 
AAAS 


It is interesting to note that despite dis- 
tances and many responsibilities both 
teaching and administration, the attendance 
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of the representatives is excellent. This 
may have been stimulated by a recent 
action taken by the Committee. At the 
Washington meeting on Saturday October 
16, 1954 the following resolution was 
passed : 

“That a member society be notified when 
its representative has been absent from two 
consecutive meetings of the Committee and 
that the society be asked to name a new 
representative when three consecutive ab- 
sences have been incurred.” However, even 
before this resolution, with few exceptions, 
attendance had been excellent. 


O fhicers of the Cooperative Committee 
The election of officers of the Committee 
has generally involved the approval of the 
slate presented by the Nominating Com- 
mittee that is appointed by the chairman. 
No basic policy had been established for 
election or succession to office. As a re- 
sult the burden of organizing meetings fell 
almost completely on the shoulders of one 
person. This burden is a great one. During 
a period of six years in which your repre- 
sentative has functioned only two persons 
have been chairmen, namely, K. Lark- 
Further, 
the reign of Lark-Horovitz extended sev- 


Horovitz and Morris Meister. 
eral years prior. This is not a suggestion 
that their services had not been meritorious, 
because they had. However, the lack of a 
basic policy for succession would have made 
the naming of a new chairman by the Nomi- 
nating Committee tantamount to a criticism. 

Consequently a proposal prepared by 
your representative for the reorganization 
of the administrative structure of the Co- 
After 
some discussion the following motions were 


operative Committee was examined. 


made and approved : 

1. That the office of vice-chairman be 
added to the existing offices of chairman 
and secretary. 

2. That there be an executive committee 
consisting of the three officers. 

3. That the chairman and secretary be 
elected for two year terms with the chair- 
man to be elected in even years and the 
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secretary in odd years; and that the vice- 
chairman serve for one year. 

The officers for 1954—55 on the basis of 
this policy were Chairman, John R. Mayor; 
Vice-chairman, Laurence L. Quill; and 
Secretary, Bernard B. Watson. For the 
1955-56 year, the officers are Chairman, 
John R. 


Mayor, Vice-chairman, J. W. 
Buchta; and Secretary, Bernard B. Watson. 

Your representative believes that this 
new policy will result in a more equitable 
sharing of responsibility. 


Activities of the Cooperative Committe: 
As stated in previous reports your repre- 
sentative has been most concerned with the 
activities and functions of the Cooperative 
Committee. He has believed that they 
have not been focussed on vital problems 
that the available time and effort of the 
Committee could possibly bring to fruition. 
Further, many meetings have been devoted 
to topics that were of major interest to one 
or two members of the Committee only. 
\lso, from meeting to meeting there had 
been little or no liaison among the Com- 
As a result the Com- 
mittee activities became for all practical 


mittee members. 


purposes biannual discussions that were 
quickly forgotten. 

However, the stature of the Committee 
and its potentialities cannot be underesti- 
mated. Society after society, group after 
group, and person after person have sub- 
mitted for endorsement projects over which 
the Committee would have had no control. 
It is salutary to note that with trivial ex- 
ceptions, the requests have been turned 
down. Thus, the Committee has not, in 
effect, become a “professional endorser.” 
An examination of the minutes (distributed 
at the NARST Convention) will point out 
the situation just described. 

Many other minor activities were under 
taken also, most of which are described in 
the minutes. They are not of sufficient 
import however to be mentioned here. 

So far in this report, the activities seem 
It would be 
in error however to leave the NARST 
members with that impression. At the 


to be viewed with pessimism. 
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last three meetings, the Committee with the 


cooperation of the administrative officers of 
the AAAS has undertaken what your repre- 


sentative believes to be a vigorous attack 
on a problem that seems to be within its 


province. 
as STEP 


The undertaking is designated 


or Science Teaching Emergency 


Program and is designed to provide some 


solutions to the critical shortage of science 


and mathematics teachers at all levels. (Jt 
should be noted that the word “science” as 
used by the Cooperative Committee includes 
all the natural sciences and mathematics.) 


In essence the program which has been 
discussed at length at the last three meet- 
ings is as follows: 


SCIENCE 


TEACHING EMERGENCY PROGRAM 


I. To encourage departments of science and 


mathematics in 


colleges and universities 


to accept the training of secondary school 
teachers as a major responsibility. 
A. Recommend that these departments : 


1. 


=> 


“MI 


~ 


~~ 
~~ 


Encourage competent students to 
enter the teaching profession. 


. Offer programs in science and math- 


ematics for the training of under- 
graduate teacher candidates that pro- 
vide the candidates with the necessary 
subject matter competencies and at 
the same time permit the satisfaction 
of certification requirements in edu- 
cation. 

Develop graduate level courses in 
science and mathematics especially 
designed for teachers already in serv- 
ice and acceptable toward a master’s 
degree in education. 

Develop for teachers in 
special courses in science and math- 
ematics suitable as refresher courses 
and provide other sources of informa- 
tion on recent advances. 

Assign a staff member as coordinator 
for this type of program. Where 
feasible the coordinator may hold a 
joint appointment in both the subject 
matter and education departments. 
Recognize the importance to college 
and university staff members of 
knowledge about and understanding 
of the problems of secondary schools. 
Cooperate with secondary schools 
through such devices as the loan of a 
department staff member to a neigh- 
boring high to provide ad- 
vanced instruction in science for a 
selected group of students. 

Sponsor and support meetings and 
conferences for teachers. 
Encourage employment of 
with science training as science and 
mathematics teachers. 


service 


school 


women 


I. 


COOPERATIVE REPORT 


un 
Jt 


B. Request that time be set aside in meet 
ings of scientific professional societies 


for presentation and discussion of the 


SCIENCE 


TEACHING EMER 


GENCY PROGRAM and that this and 
subsequent reports on the Program be 


given 


wide publicity in scientific 


journals. 
lo assist in the recruitment and training 
for teaching of individuals with the neces- 
sary subject matter competence but without 
the work in professional education required 
for certification as teachers. 
A. Encourage the planning of emergency 
programs and cooperative arrangements 
in colleges and universities. 


1, 


For independent liberal arts colleges 
and engineering (Women’s 
colleges represent a particularly im 
portant source of teaching talent not 
yet fully utilized) 

a. Involving cooperation with depart 
ments of education in nearby in 
stitutions. 

(i) Students transfer for a semes 
ter and study 
courses in residence at an 
other institution. 

(ii) Students study 
courses in summer 
(e.g. during the summers fol 
lowing the junior and senior 
years or 


sche Me Is 


professional 


professional 


schoc | 


during the summer! 
following the senior year and 
the summer following the 
first year of teaching). 
b. Involving arrangements within the 
student’s original institution 
(i) Use present staff 
fessor of psychology to teach 
“Educational 


(e.g. pro- 


Psychology,” 
professor of social studies to 
teach “Foundations of Edu 
cation,” etc.). 

(ii) Employ new, full-time staff 
to teach courses in education 
(iii) Employ part-time instructors 

Stimulate ideas and interest in emer 

gency programs. 

a. Conferences with employing 

study their needs for 

teachers and their reactions to the 


schools to 


proposed programs. 


b. Conferences with state depart- 
ments of education and certifying 
agencies concerning the acceptance 


of candidates completing the pro- 


grams. 
B. Collect objective and statistical informa 
tion. 
1. Number of potential students who 


? 


might qualify and who might be in- 
terested in the emergency 
outlined above. 

Research to measure the effectiveness 
of these programs. 


program 


C. Seek financial support to provide schol- 
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III. 
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arships for capable students enrolled 
in these programs. 

To assist in interesting high school stu- 

dents in preparation for teaching careers 

in science and mathematics. 

A. Create appropriate guidance materials 
on teaching with special reference to 
the fields of science and mathematics. 

B. Seek cooperation of scientific and 
guidance agencies in: 

1. Gathering guidance materials on the 
teaching of science and mathematics. 

2. Acquaint the membership of these 
agencies with the special urgency of 
the crisis in the areas of science and 
mathematics. 

C. Distribute guidance materials to teach- 
ers, counselors, and students. 

D. Publicize opportunities in teaching for 
women and seek support of women’s 
colleges in this publicity directed to high 
school students. 

E. Increase support of Junior Academies of 
Science, the Junior Scientist Assembly 
and of science fairs, science clubs, 
science congresses, and science project 
work. 


v 


F. Promote vocational guidance programs 
through assemblies, radio and television, 
and the utilization of scientists and engi- 
neers as counselors. 

Undertake a basic study of the motiva- 
tions of individuals in choosing careers 
in teaching in order to take advantage of 
a knowledge of these motivations in the 
preparation of guidance materials. 

To support higher salaries for teachers so 
that beginning salaries, rates of salary ad- 
vance, and salary ceilings will be com- 
parable with those of engineers and other 
professional personnel of equivalent train- 
ing. 

A. Give widespread publicity : 

1. To the prevailing low salaries of 
secondary school teachers and to the 
deterioration in the relative economic 
position of teachers with respect to 
other occupational groups. 


~ 


a 


2. To the special program in the re- 
cruitment and retention of science and 
mathematics teachers because of the 
competition with industry and gov- 
ernment for individuals with training 
in science and mathematics. 

B. Provide for a study of the various ways 
in which science teaching can be made 
more attractive financially through 
year-round employment, summer em- 
ployment in science-related industries, 
or additional pay for directing student 
research projects, science clubs, science 
fairs, and the like. 

C. Urge academies of science and other 


state and local scientific groups to take 


major responsibility in pressing for 
higher salaries for teachers. 


VI. 


D 


_— 


. Offer cooperation to other groups work- 
ing for an increase in teacher’s salaries. 


*. Encourage prominent scientists to lend 


their influence to these efforts. 


To promote improved working conditions 
for and increased efficiency of secondary 


sc 


A 


T 


hool teachers of science and mathematics. 

. Call the attention of the appropriate 

agencies to the desirability of: 

1. Controlling the size of classes so 
that more time may be given to the 
problems of the individual student. 
Adjusting teaching load so that a 
more effective teaching job may be 
done particularly in connection with 
laboratory instruction. : 
3. Providing adequate instructional fa- 

cilities and equipment. 

4. Providing consultant help such as is 
described in Project VII. 

5. Encouraging attendance at _ profes- 
sional meetings through provision of 
time off and reimbursement of travel 
expenses. 

Disseminate available information on 

satisfactory size of classes, teaching 

load, and instructional facilities and 
equipment. 

Investigate effectiveness in increasing 

teaching efficiency of the use of sub- 

professional teaching assistants and of 
instructional aids such as motion pic- 
tures, radio and television. 

o provide for the recognition of excep- 


bo 


tionally able teachers through a AAAS 
program of awards of Distinguished Serv- 
ice Teacher citations as a means for im- 
proving the status of teaching and the 
prestige of the secondary school teacher. 


A. 


Establish regional committees for 
screening of nominees and a_ national 
committee for selection of Distinguished 
Service Teachers in accordance with 
established criteria such as the follow- 
ing: 

I. At least five to ten years of recog- 
nized successful experience as a class- 
room teacher of science or math- 
ematics. 


~) 


2. Respect of colleagues, students, par- 
ents and community. 

3. Education in subject matter field to 
a level represented by at least one 
year of graduate work, and recognized 
scholarship characterized by both 
depth and breadth. 

4. Adequate professional training and 
mastery of the standard professional 
skills and techniques as evidenced by 
an understanding of youth and by 
the successful use of a variety of 
teaching devices. 


ut 


Original contributions to science or 
to the art of teaching through re- 
search and the increase of knowledge, 
or through the development of new 
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devices, books, points of view or 
practices. 

. Active participation in the affairs of 

his profession. 

Interest in and acceptance of respon- 
sibility in extra-curricular activities 
of his school. 

8. Maintenance of up-to-date knowledge 
of developments in scientific fields of 
interest. 

9. Conscientious adherance to high 
standards of personal and professional 
ethics. 

B. Provide for nominations to be made by 
any interested individuals or groups but 
not by direct application. 

C. Provide for awards of Distinguished 
Service Teacher citations to be made by 
the AAAS. 

1. With appropriate ceremony in the 

teacher’s own community. 

At the next annual meeting of the 

AAAS to which all Distinguished 

Service Teachers named during the 

year are to be invited with travel 

expenses paid. 

VII. To promote the selection and utilization 
of consultants in mathematics and science 
on an experimental basis in selected geo- 
graphic areas. 

A. Provide far the selection of five experi- 
mental areas, each located in a different 
state and each meeting the following 
criteria : 

1. Each area should be so bounded as to 
encompass as many public high 
schools as will be required to include 
40 to 50 full-time science teachers. 

2. The area must not include a high 
school or a school system that em- 
ploys a science supervisor on either a 
part-time or a full-time basis. Schools 
comprising each area should be those 
wherein each teacher must rely in 
general upon his own resources for 
organizing his work. A high per- 
percentage of young and relatively 
inexperienced teachers would be de- 
sirable. 

B. Select and employ a total of ten ex 
perienced teachers of proven ability, 
each capable of functioning as a 
counselor or consultant in science teach 
ing. Persons employed should possess 
as nearly as possible all of the qualifica 
tions which are listed for the Distin 
guished Service Teacher of Project VI 

C. Assign two consultants to each of the 
five areas. One of the consultants 
should have major training and interest 
in the biological sciences, the other in 
the physical sciences and mathematics. 
It is assumed that arrangements for 
office space can be made with the chief 
state school officer or with a sponsoring 
college or university. 

D. Counselors will work on a teacher-to- 


on 
So 


“I 


? 


COOPERATIVE REPORT | 


ut 


7 


teacher basis, passing out ideas for the 
improvement of instruction, suggesting 
professional literature, discussing sub- 
ject matter and in general serving as 
persons to whom teachers can turn for 
help. In addition counselors will pro- 
vide such services as: 

1. Conferences with groups of teachers 
on topics ranging from curriculum 
development and the planning of new 
facilities to text selection and re- 
fresher sessions in specific subject 
matter areas. 

2. A materials center of books, periodi- 
cals, tools, raw materials and science 
equipment. Teachers from the region 
could use the center to keep posted 
on new developments or as a place 
for refresher work. The materials 
could be distributed on a library loan 
basis for examination or trial use. 

E. Following a trial period of reasonable 
length, it is expected that there would 
be an evaluation of the success of the 
project. Evaluative techniques suitable 
for use would include the following: 

1. The administration of standardized 
subject matter tests to all students in 
cooperating schools. Such tests could 


~) 


indicate the success or failure of the 
program only if similar test scores 
were available from preceding years, 
or if the program could extend over a 
period of two or three years. 


2. The collection of data as to the num 
ber of students going on into college 
or university work in scientific fields 
and comparison with similar figures 
for previous years. 

3. The collection of data as to the degree 


of participation of high school science 
students in such activities as Junio 
Academy meetings, science clubs, and 
science fairs, and comparison witl 
similar data from preceding years 

4. The analysis of the opinions of co 
operating science teachers and of 
the administrative officers of cooper 
ating schools as to the success of the 
project 


Your representative strongly supports 
Nearly all the ideas 


and activities expressed therein are con 


Projects I through V. 


sistent with the modern philosophy of edu- 
cation and with the views held by the 
majority of the members of the NARST. 
Your representative however is dubious 
of Projects VI and VII not because of 
their lack of intrinsic merit but because of 
the failure of their proponents to recognize 
administrative practicalities in the public 
schools. The difficulty in engineering such 
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projects would have been apparent had the 
proponents spent time recently in visiting 
public schools and discussing them with 
administrators. However, the basic aims 
are eminently worthy. 

With the reservations just stated, your 
representative will support these projects 
unless otherwise directed by the NARST. 
He urges the membership to do likewise. 

Obviously a program as ambitious as 
this one must be implemented with support 
and monies those 


available to the Committee. 


beyond immediately 
So far, the fol- 
lowing has been done: 

1. At the Berkeley meeting of the AAAS 
Commissioner of Education Brownell and 
President of the AAAS Weaver appeared 
on the same symposium, discussed the pro- 
gram and endorsed it. To have two such 
eminent persons (an educator and a scien- 
tist) give such support, amounts to a 
worthy send-off indeed. 

2. At present the Administrative Officers 
of the AAAS are placing the prestige of 
the AAAS behind a request to a foundation 
for a grant to carry out the program, or 
While the details 


cannot be released at the present time, the 


certain projects in it. 


initial reports are most encouraging. 

In summation, your representative is 
most encouraged by the direction in which 
the Cooperative Committee now seems to 


be headed. 


AFFILIATION WITH THE AAAS 
Procedures for Affiliation 
A letter from John A. Behnke, Associate 
Administrative Secretary of the AAAS 
explained the procedures for affiliation as 


follows: 


“The procedure for affiliation or association 
with the AAAS is a relatively simple one. The 
request must come from the organization wishing 
to establish a connection with the Association. In 
addition, the secretary should furnish: (1) a 
brief history of the organization, including its 
aims; (2) a copy of the constitution and bylaws 
currently in force; (3) a recent list of its mem- 
bers and their addresses; (4) the names and 
addresses of current officers; and (5) a list of 
any publications sponsored by the organization, 
with samples, or a list of the major journals in 
which its members normally publish. 
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“The request is then forwarded to the Com- 
mittee on Affiliation and Association and the 
Committee’s recommendation is acted upon by 
the Board of Directors and later approved by the 
Council.” 


Your representative complied imme- 


diately with all these stipulations. Hence, 
on August 3 a letter was received informing 
the NARST that the Committee on Affili- 
ation and Association unanimously recom- 
mended that the NARST be given affiliate 
status. 

At the November meeting of the Board 
of Directors the request was given ap- 
proval. Finally on December 27 the AAAS 
Council gave final and formal approval and 
the NARST 
representative was designated to serve on 
the AAAS Council in addition to his re- 


became an affiliate. Your 


sponsibilities on the Cooperative Com- 


mittee. 


Meaning of Affiliation 

The following quotation concerning the 
meaning of affiliation comes from the letter 
just cited: 


“Affiliation or association is a formal indica- 
tion of the intention of our two organizations to 
cooperate. It is our hope that the expressed in- 
tention will be more than formal and tacit; that 
it will be real and alive. An Affiliate is entitled 
to one representative on our Council if less than 
one hundred of its members are Fellows of the 
AAAS; two representatives if more than one 
hundred qualify. We would hope that an ap- 
pointed or elected delegate would not only repre 
sent your wishes accurately but would take a 
keen personal interest in our problems and pro- 
gram. 

“There are no specific responsibilities for an 
Affiliate, and no financial obligations for either 
an Affiliate or an Associate. We want to help 
you and have you help science through us. 

“Affiliated and associated societies are privi- 
leged—if they wish—to hold national or regional 
meetings in conjunction with the AAAS national 
meeting, which. is normally held between Christ- 
mas and New Years. There is, of course, no 
obligation for any of our societies to do this. 

“However, if your organization should decide 
to join us in our Christmas meeting, you would 
be completely free to plan your own sessions. 
If you preferred, you could join with AAAS Sec- 
tions in cosponsoring particular programs. In all 
cases, the Association provides the meeting rooms 
and projection equipment; prints the completed 
program; arranges housing through the local 
housing bureau ; and plans for effective publicity 
all at no cost to your society. Any of your mem- 
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bers who presented papers would be eligible for 
the $1,000 best paper award. Of course, as a 
former exhibitor myself, I cannot refrain from 
also mentioning the excellent AAAS Science 
Exposition. 

“On the intangible side—but of great impor- 
tance—are the exceptional opportunities for sitting 
in on the significant symposia, research report 
sessions in related fields, and the conferences. 
And there are the many personal associations with 
people from all areas of scientific endeavor.” 


Your representative wants to express his 
personal . opinion that he that 
affiliation with the AAAS is one of the 
most significant events in the history of the 
NARST. 


make itself known more widely as a result. 


believes 


The society should be able to 


SYMPOSIA ON SCIENCE EDUCATION RE- 
SEARCH AT THE AAAS CONVENTIONS 


At the Berkeley Convention 1954 
On Wednesday morning December 29 at 
2 db 
9:00 A.M., Wheeler Hall, University of 
California there was held a Symposium: 
Research in Science Education. 

It was a joint session of the National 
Association for Research in Science Teach- 
ing, National Science Teachers Association, 
the AAAS Cooperative Committee on the 
Teaching of Science and Mathematics, and 
AAAS Section Q—Education; and co- 
sponsored by the Western Society of Natu- 
ralists. Because of his proximity to the 
convention site the major responsibility for 
organizing the meeting was taken by Dr. 
Robert Stollberg of San Francisco State 
College. His zeal and efforts were respon- 
sible for an excellent meeting at which the 
attendance was over 250. 

The program was as follows: 

Anita D. Laton, San Jose State College, 

Presiding 

1. Survey of Research in Elementary School 
Science Education. Jacqueline Buck, Grosse 
Pointe Public Schools, Grosse Pointe, Mich. 

2. Implications of Research in Elementary 
School Science Education. Matthew Vessel, San 
Jose State College. 

3. Survey of Research in Secondary School 
Science Education. George G. Mallinson, West- 


ern Michigan College of Education, Kalamazoo, 


Mich. 


4. Implications of Research in Secondary 
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School Science Education. Oreon Keeslar, Santa 
Clara County Schools, California. 

5. Survey of Research in College Level Gen- 
eral Education Science. Stanley Williamson, 
Oregon State College, Corvallis, Oregon. 

6. Implications of Research in College Level 
General Education Science. John S. Hensill, San 
Francisco State College. 

The presence of NARST members on the 
program may be noted. 


At the Atlanta Convention 1955 

When this report was written only tenta- 
tive plans had been made for the Atlanta 
Convention. At the time of publication the 
program has taken place, and the informa- 
tion given here may be in error. However, 
any other statement at the time is impos- 
stble. 

A symposium on /mplications and Appli- 
cations of Recent Research in Science 
Education is being planned tentatively for 
Wednesday morning, December 28 at At- 
lanta University subject to the approval of 
the cooperating societies. Seven societies 


had 


namely, the 


agreed to the symposium, 
NARST, National 


Teachers Association, National Association 


sponsor 


Science 


of Biology Teachers, American Educational 
Research Association, Section Q of the 
AAAS, the Central Association of Science 
and Mathematics Teachers, and the Cooper 
ative Committee. Plans are being now 
made to include as many participants from 
southern colleges and universities as pos 
sible and to plan the same type of program 
\lthough the 


NARST will take major responsibility for 


that was offered at Berkeley. 


planning, it must be emphasized that this 
is not an NARST program but one involv- 
ing joint cooperation and sponsorship. It 
is hoped that it will be as eminently success- 
ful as the Berkeley Symposium. 

This has been a long report of activity 
with the AAAS 
sentative chose to write at length, but rather 


not because your repre 


because the NARST has done so much in 
its new relationships. As long as your 
representative continues to work in this 
capacity, he will endeavor to strengthen the 
present ties and make them more valuable 


to both the NARST and AAAS. 








FINANCIAL REPORT OF NARST APRIL 19, 1955 


RECEIPTS 


NE SU RMN sai 505% 6 Wists PS Ss POENSS ccs BERR welts owneea eb bee $592 81 
PD. UNS wa Kee hs back + een ONS ERR tert: oer reuse Fens 2,198.00 
SL 3 acd Gat BS eae Ol 4 ab toa 3 ea $2,790.81 


EXPENDITURES 
Western Michigan College Printing Department—Letterheads and Envelopes. $35.50 


Nathan S$. Washton—Railroad fare to Washington, D. C., to attend Future 





AE TOU 55a Sa lcs c's a's C5 See BER elec che wes 16.68 
Kenneth E. Anderson—Stencils and postage .............c.ccccccccccces 17.15 
reaming Teas AML PUMTMINS, . sc 5 ii 's.c aca Sites ss ow ih de eeend bao 129.21 
NEY COINS ons vin 59's ed 4y «0a RE eee hed aKaday ONGOCRaAtAGN Caw 32.27 
Subscriptions to Science Education for 1953, 1954, and 1955............... 2,040.00 

WORE a EES ees cee OW a eaok ee wes EE a ae eee $2,270.81 
's IW PPTTERETTSTEPETCTT Tie ee $520.00 


Respectfully submitted, 


CLARENCE M., Pruitt, 
Treasurer-NARST 


OFFICIAL MINUTES OF THE BUSINESS MEETING OF THE 
NATIONAL ASSOCIATION FOR RESEARCH IN SCIENCE 
TEACHING, TEACHERS COLLEGE, 

COLUMBIA UNIVERSITY 


ApRIL 20,1955 


RESIDENT Kenneth E. Anderson presided Auditing Committee consisted of Charles 
Pu the Annual business meeting of the John Pieper, Edith M. Selberg, and Vaden 
National Association for Research in Sci- W. Miles. The Treasurer’s book was found 
ence Teaching held at Teachers College, to be in balance and the report as accepted 
Columbia University, April 20, 1955. is published in this issue of Science 
President Anderson briefly reviewed the £ducation. 
activities of NARST during the last year. The Secretary, Clarence M. Pruitt, re- 
The official minutes of the last meeting held ported the passing of NARST members 
at the Hotel Sherman in Chicago on March during the past year as follows: Alden H. 
31, 1954, were approved as published in  Struble, Washington, D. C. Public Schools; 
the April, 1955 issue of Science Education. L. Paul Elliott, University of Florida, 

The report of the Auditing Committee Gainesville; and W. C. Croxton, St. Cloud 
was made by Edith M. Selberg. The Teachers College, St. Cloud, Minnesota. 
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It was moved and seconded that the Secre- 
tary be empowered to convey to Mrs. 
Struble, Mrs. Elliott, and Mrs. Croxton 
respectfully the heartfelt sympathy of the 
NARST at the untimely passing of these 
valued members of NARST. 

It was moved by Vaden W. Miles, sec- 
onded and passed that official letters of 
appreciation be sent to Professors Hubert 
M. Evans and Fred L. Fitzpatrick of 
Teachers College for assistance and cour- 
tesies in many ways in making local ar- 
rangements for the present meeting. 

It was moved, seconded, and passed that 
letters of greeting from the Association be 
sent to Drs. S. Ralph Powers, Ellsworth 5S. 
Obourn, H. Brown, 


Emmett Stanley 


srown, and Willard Jacobson. These per- 


sons are presently serving in foreign 
countries. 
Dr. George G. Mallinson, NARST 


representative on the Cooperative Commit- 
tee on the Teaching of Science and Mathe- 
matics of the AAAS made his annual re- 
port on the activities of this Committee. 
(See complete report in this issue of Sci- 
ence Education). It was moved, seconded, 
and carried that the report be accepted as 
presented. 
cellent NARST program at the Berkeley 
meeting of the AAAS in December. 


Dr. Mallinson reported an ex- 


Plans 
were described for the December, 1955, 
Atlanta meeting of AAAS in cooperation 
with the National Biology Teachers Asso- 
ciation, National Science Teachers Asso- 
ciation, Central Association of Science and 
Mathematics Teachers, and Section © in 
Education of the AAAS. Dr. Mallinson 
led a discussion on the affiliation of. the 
National Association for Research in Sci- 
ence Teaching with the American Asso- 
ciation for the Advancement of Science. 

Dr. Nathan S. Washton made a report 
on his attendance at a meeting in Washing- 
ton of the Future Scientists of America 
Foundation. (Report published in this is- 
sue of Science Education.) The report was 
accepted as presented. 


A rather lengthy discussion was held re- 
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garding the retention of some members ot 
NARST who are delinquent in dues. A 
number of NARST members personally 
well known to these delinquent members 
agreed to write to them to persuade them 
to retain their NARST membership. 

Dr. Herbert A. Smith, Chairman of the 
Third Annual Review of Research in Sci- 
ence Teaching, made a progress report. 
His report was supplemented by reports 
from each of the level chairmen: Jacqueline 
Buck Mallinson, Clarence H. Nelson, and 
Thomas P. Fraser. Good progress seems 
to be being made for getting the report in 
excellent shape for publication in the De- 
cember, 1955, Science Education. Com- 
ments were made by Blackwood, Anderson, 
Phil Johnson, Gruenberg, Washton, Pruitt, 
and Van Deventer. 

Herbert A. Smith, Chairman, made the 
report for the Committee. 
Other members of the Nominating Com- 
mittee were Thomas P. 
Nelson. 


mittee presented the following slate of 


Nominating 


Fraser and Clar- 
ence H. The Nominating Com 
names for officers for 1955-56: 
President: Wrtt1AM C. VAN DEVENTER 
Vice-President: Watvo W. E. BLANCHET 
Secretary-Treasurer: CLARENCE M. Pruitt 
Executive Committee: Kennetu E. ANDERSON, 
NATHAN S. WASHTON 

Nominations from the floor were called 
for. It was moved and seconded that the 
report of the Nominating Committee be 
accepted and that the Secretary be em- 
powered to cast a unanimous ballot for 
those named by the Nominating Commit- 
tee. The motion carried. 

It was decided to hold the next annual 
meeting in Chicago at a date to be decided 
later. 

A motion was made that the 1955 busi- 
ness meeting be adjourned. The motion 
carried. 


EXECUTIVE COMMITTEE 
MEETING 
Aprit 20, 1955 
Some discussion was held relative to the 
1956 Chicago meeting and the desirability 
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of meeting at the time of the ACTE meet- 
ing—either prior to or following this 
meeting. 

Committee Level Chairmen for the 
Fourth Annual Research Report were con- 
sidered at some length. 

Professor Thomas P. Fraser of Morgan 
State College, Baltimore, Maryland, was 
appointed Chairman of a Committee on 
Needed Science Teaching. 
Other members of this committee are Dean 
Waldo W. E. Blanchet of the Fort Valley 


State College, Fort Valley, Georgia and the 


Research in 


various Level Chairmen. 

Dr. George G. Mallinson was appointed 
NARST representative to the AAAS. 

Drs. Herbert A. Smith and Clarence M. 
Pruitt were appointed on a Committee for 
Cooperation with the U. S. Office of 
Education. 

The meeting was adjourned. 
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DINNER MEETING 


Some fifty persons attended the annual 
dinner April 20th. 
NARST members present: Cyrus W, 
3arnes, Vaden W. Miles, Paul E. Black- 
wood, William C. 


G. Mallinson, Jacqueline Buck Mallinson, 


meeting at noon 


Van Deventer, George 


Thomas P. Fraser, Gordon M. Dunning, 
Kenneth E. Waldo W. E. 
Blanchet, Herbert A. Smith, George Davis, 
Clarence H. Nelson, Edward K. Weaver, 
Nathan S. Washton, Finley Carpenter, 
Velma M. Huntley, Hubert M. Evans, 
Nathan Neal, Robert MacCurdy, Vernon 


C. Lingren, Chester A. Lawson, Edith M. 


Anderson, 


Selberg, Elwood D. Heiss, Clarence H. 
Boeck, Martin L. 
Gruenberg, Clarence M. Pruitt, and Rose 


Robertson, Benj. C. 


Lammel. 


BOOK REVIEWS 


FarrELL, B. A. (Editor). Experimental Psy- 
chology. New York (15 East 40th Street) : 
Philosophical Library, 1955. 66 P. $2.75. 


Experimental Psychology is a series of six 
broadcasts over the British Broadcasting system 
on recent research in psychology. The general 
purpose of the broadcasts was to clear up certain 
misconceptions prevalent about experimental psy- 
chology. The broadcasts describe the sort of 
work being pursued at the present time and also 
to indicate the general attitude which experi- 
mental psychologists develop in their attempt to 
obtain a scientific understanding of the activities 
of human beings and sub-human organisms. 

Dr. A. J. Watson discusses perception; Dr. 
Harry Kay describes research in Adult Learning 
and Remembering; Dr. J. A. Deutsch tells about 
Motivation; Dr. B. A. Farrell explains Some 
Hypotheses of Psycho-Analysis; Dr. Michael 
Argyle discusses The Study of Social Behavior ; 
and Dr. R. C. Oldsfield considers The Prospects 
of Experimental Psychology. 


MaAcDonatp, MArGeRET (Editor). Philosophy 
and Analysis. New York (15 East 40th 
Street): Philosophical Library, 1954. 296 P. 
$7.50. 

This is a collection of articles on analytic and 
linguistic philosophy published in Analysis (Brit- 

ish publication) between 1933-40 and 1947-53. 


Numerous writers are represented and many 
topics discussed such as: the relations between 
knowing, believing, and asserting; logic and psy- 
choanalysis ; the analysis of temporal propositions ; 
probability and natural law; and the problem of 
truth. 


SmitH, Maurice (Editor). Flight Handbook. 
New York (15 East 40th Street): Philo- 
sophical Library, 1955. 282 P. $6.00 


Flight Handbook presents the theory and prac- 
tice of aeronautics. This is the fifth edition— 
first published in 1910. It was compiled by the 
Staff of Flight, a British publication. There are 
217 photographs and drawings and 12 illustrations 
inset. 

The textual material deals with the atmos- 
phere and its effects on flying, first principles of 
aerodynamics, aircraft structure, controls, land- 
ing gears, gliders, sailplanes, rotorcraft, balloons, 
airships, piston engines, gas turbines, ramjets, 
pulsejets, rockets, navigation, instruments, and 
navigation. 


KirRKALDY, J. F. General Principles of Geology. 
New York (15 East 40th Street): Philo- 
sophical Library, 1955. 327 P. $6.00 
This book is a general introduction to the 

study of geology. Various phases are considered: 
3asic principles, Physical Geology and geomor- 
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phology, Petrology and mineralogy, Composition 
and origin of the Earth, Historical Geology, and 
Economic Geology. The author, Dr. Kirkaldy 
is a Reader in Geology in the University of 
London. The book is interestingly written, aptly 
illustrated. Naturally a great deal of the illus- 
trative material refers to the British Isles and 
Europe. This makes it an excellent reference 
for American readers. 


Aspey, Staton. Horner’s Dictionary of Me- 
chanical Engineering Terms. New York (15 
East 40th Street) : Philosophical Library, 1955. 
417 P. $6.50. 


This is the seventh edition of a dictionary first 
written by Mr. J. G. Horner and now revised 
by Mr. Abbey. The dictionary is in a way a con- 
densed encyclopedia of mechanical engineering 
practice. 


Hume-RotrHery, WitiiAM. Electrons, Atoms, 
Metals, and Alloys. New York (15 East 40th 
Street): Philosophical Library, Inc., 1955 
387 P. $10.00. 


Non-mathematical readers find it difficult to 
understand the application of the electron theory 
te the structure and properties of metals and 
alloys. In at least one respect this is a unique 
book—at least in such a technical field. The sub- 
ject matter is presented throughout in the form 
of a dialogue between an Old Metallurgist and 
a Young Scientist, bringing out clearly the con- 
trast between the old and new viewpoints. 


Ricuarpson, K. I. T. The Gyroscope Applied. 
New York (15 East 40th Street): Philo- 
sophical Library, Inc., 1954. 384 P. $15.00. 


Not so many years ago the gyroscope was 
comparatively unknown, except possibly as a toy, 
involving a wheel spinning in some form of frame- 
work which could be made to balance on the 
edge of a penknife, the rim of a glass, or on a 
piece of string. The name gyroscope dates back 
to 1852 when Foucault used it to demonstrate the 
rotation of the earth. 

Today, the gyroscope plays an important part 
in the navigation and control of ships and aircraft, 
in gunfire control, bomb sights, in the torpedo, 
and more recently in the guided missile. 

This book is believed to be the most compre- 
hensive book available on different types of ap- 
plications of gyroscopes. The author has been 
closely associated with developments in this area. 


Gray, Ernest A. Microbiology: An Introduc- 
tion. New York (15 East 40th Street): 
Philosophical Library, 1955. 175 P. $3.75. 
This book is designed as a simple introduction 

to microbiology. It is based on the author’s 

many years of experience in teaching the subject 
at the University of Cambridge. The historical 
background of the area is stressed as micro- 
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biology goes back more than three centuries. 
Ecology of micro-organisms is also stressed. 


WILLIAMS, Trevor Itittyp. The Elements of 
Chromatography. New York (15 East 40th 
Street): Philosophical Library. 90 P. $3.50. 


Chromatography has had a rapid development 
in the last decade and is now finding a place in 
the curricula of many leading universities. This 
book gives a general survey of the method as 
practiced today. 


Witson, WitttAM. The Microphysical World. 
New York (15 East 40th Street): Philo- 
sophical Library, 1954. 216 P. $3.75. 


This book is concerned with the small things 
of the physical world especially the atoms, their 
structure and bahavior. The treatment is some- 
what historical, starting out with Dalton’s atom 
and coming down to the present. The treatment 
is non-mathematical and the book is designed 
primarily for the layman. High school chemistry 
teachers will find the book most useful and re 
freshing. 


MAINX, Fettx. Foundations of Biology. Chi- 
cago (5750 Ellis Avenue): The University of 
Chicago Press, 1955. 86 P. $2.00. 


This pamphlet considers the ways of work in 
biology: (1) The Elementary Points of View 
(The Morphological, the Physiological, and the 
Genetical) ; (2) The Complex Points of View 
(The Organism as an Open System; The History 
of Organism, Organic Diversity and Its Struc 
ture; The Population as the Natural Form of 
Existence in Living Things), (3) The Psycho 
logical Function of Speculation in Biology, (4), 
Parabiology, and (5) World Picture and Philoso 
phy of Life 


Wotrson, ALBERT AND Ryon, 
Earthworm. 


ARNOLD The 
Evanston, Illinois: Row, Peter 
son and Company, 1955. 


This is a unitext showing biology in a new 
dimension. It is a book on dissection of th« 
earthworm especially suitable for high school and 
college biology classes. The book is unique in 
living a series of color plates in transparent 
plastic which enables the various systems to be 
transposed one over the other as the occasion 
demands. This should greatly facilitate learn 
ing. There are also 14 figures in color. Books 
such as these should be of great value in dissec- 
tion work and facilitating understanding in bi 
ology. 


ZUFFANTI, SAVERIO; VERNON, ARTHUR S.; AND 
Luper, W. F. A Laboratory Manual of Gen- 
eral Chemistry. Philadelphia: W. B. Saunders 
Company, 1955. 310 P. 


The manual, primarily written for the authors’ 
General Chemistry text, may be used with any 
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More than the usual 
space is devoted to qualitative analysis. How- 
ever the first 40 experiments are sufficient for 
a year’s work in chemistry without any quali- 
tative experiments. 


college chemistry text. 


TurRNER, C. DONNELL. 
Philadelphia: W. B. 


S50 P. 


General Endocrinology. 
Saunders Company, 1955. 


This is the second editon of a text first pub 
lished in 1948, completely revised and brought up 
to date. This book would serve excellently as 
either a basic text in a course or as a general 
reference in the field. 
and well-illustrated. 


The book is well-written 


MARSHALL, CLYDE 
Introduction to 
delphia: W. B. 
420 P. $4.50. 
This is the fourth 

published in 1935. 

standpoint of an 

accounts of the 


Epcer L. An 
Phila- 


1955. 


AND LAZIER, 
Human Anatomy. 


Saunders Company, 


edition of a textbook first 
The book is written from the 
anatomist. There are brief 
functional activities of different 
organs and related problems of practical interest. 


ALFRED SHERWOOD. 
Philadelphia: W. B. 
664 P. 


ROMER, 
Body. 


pany, 1955. 


7 he Vertebrate 


Saunders Com 


This is the second edition of a college text 
first published in 1949. Numerous changes have 
been made, more of a minor nature. The point 
of view is developmental and is a truly compara- 
tive treatment. 
tion. All 


considered. 


Consideration is given to func- 
parts of the vertebrate anatomy are 

There are nearly 400 illustrations 
which are important to an understanding of the 
textual material. This seems to be an 
unusually fine text and would also serve as an 
authoritative reference. 


be i »k 


Rusk, Rocer D. /ntroduction to College Physics. 
New York (35 West 32nd Street) : Appleton 
Century-Crofts, Inc., 1954. 816 P. $6.50. 
This book on college physics should serve ade- 

quately both those students who will take only 
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one year of college physics as well as those stu- 
dents who will take more courses in college phys- 
ics. The fundamentals of classical physics are 
retained but developments in modern physics are 
not neglected. The reviewer especially likes the 
presentation of subject matter in this text, the 
well-selected problems at the end of 


chapters, and the readable literary style. 


various 

Cer- 
tainly this is one of the better recent college 
texts in physics. Dr. Rusk is professor of phys- 
ics at Mount Holyoke College. 


MARKHAM, EpwIN C. AND REILLEY, CHARLES N, 
A Laboratory Manual for General Chemistry. 
Boston: Mifflin 1954. 
424 P. 
The that “a laboratory manual 

for general chemistry should supplement the text- 


Houghton 
$3.00. 


Company, 


authors state 
book used in the course by illustrating certain 
facts and principles and by 
new but related material. It should have as its 
aim the development of the student’s technical 
skill, the whetting of his interest in the experi- 


introducing certain 


mental approach to chemistry, and, by providing 
a certain kind of entertainment, should arouse his 
curiosity.” 

The eighty experiments should permit of a wide 
choice by users of the manual. The general order 
the outline of the Markham and Smith 


General Chemistry. 


follows 


JONEs, 
New 
907 P. 


Jr. W. 
York: 
$6.50. 


General 
Blakiston 


Norton, 
The 


Chemistry. 


Company, 1954. 


General Chemistry is a first-year college chem- 
istry text intended for use by 
and 


students having 


those not having high school chemistry. 


Atomic structure and periodic classification re- 
ceive early treatment. 
on the 


Special emphasis is placed 
molecules and The 
comprehensive coverage of this text permits or 
even 


structure of solids. 


necessitates selection of the content dis 


cussed. 
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